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INTRODUCTION 


A great many studies hâve been published in recent years discussing éléments 
or groupings of techniques and equipment relating to multisensor reconnaissance. 
These documents often approach multisensor technology from the viewpoint of a 
single sensor specialist, and give the notion of having reached a preconceived 
solution to the problem at the inception of the study. A careful search of 
study reports available to this project team indicated that no report existed 
which defined and/or examined the entire range of multisensor techniques compo- 
nents and configurations which were possible in the current and near-term "state- 
of-the-art M as a basis for determining the best possible sensor/processing/reduc- 
tion configuration for each particular multisensor or application. 

This document has been prepared to fill the gap of information described 
above. The study team, made up of personnel from four of the leading organiza- 
tions in advanced sensor development, felt it essential that such a document be 
prepared as a basis for any analysis and définition of multisensor system re- 
quirements. The organization, capability and function of components are consid- 
ered in generic terms and do not relate in any way with particular devices made 
by the participating companies or, in fact, any company. Ail possible component 
types, component organization and data flows hâve been delineated and described 
without particular regard or recommendation concerning efficiency or sophistica- 
tion. 

This document, then, is a description of ail possible components and compo- 
nent interrelationships and the associated alternatives for data format, Proc- 
essing sequence and flow. No attempt is made here to describe the technology; 
this is detailed in another section. The purpose of this document is to describe 
ail possible éléments of the multisensor system from acquisition to complété 
sensor record exploitation. 
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1. MULTISENSOR RECONNAISSANCE SYSTEMS 


A current concept in tactical reconnaissance involves the utilization of 
many sensors for collée ting information on ground targets. The underlying con- 
cept of multisensor reconnaissance is that each sensor has a spécial reaction 
to, and records information from, a different portion of the radiation spectrum. 
Currently, the four major categories of sensors which make up multisensor Sys- 
tems are photography, infrared, side looking radar, and ELINT. To these basic 
four should be added the Visual capability of the aircrew members. 

This discussion of multisensor Systems will pertain particularly to high 
performance aircraft, although the procedures and technical discussions relating 
to each sensor can be extended to the use of these Systems in low performance 
aircraft. 

Currently, the radiation reflection and émission charac ter ist les of many 
targets are not well known except in the Visual range. This complicates the 
problem of interpreting information recorded in other parts of the radiation 
spectrum. In time, the familiarity with sensor records taken in other parts of 
the spectrum will probably allow as complété interpretive analysis of infrared 
and side looking radar as is currently available for photography. The problem 
of a human analyst unders tanding radiation patterns which he does not 
normally see is only a matter of training and expérience. 

Each of the sensors in the multisensor System has particular usefulness. 
Photography provides the familiar information such as size, shape, color, tex- 
ture, and allows direct récognition of familiar objects. Photographie records 
can be made in the radiation spectrum which is near the visual range. Photo- 
graphs in the infrared and ultraviolet ranges will hâve différences in tonal 
gradations from a visual photograph which is unfamiliar but, in many cases, 
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useful to the photointerpreter . For example, infrared photography gives some 
indication of thermal activity, and is particularly sensitive to infrared reflec- 
tivity loss due to decreased water content which leads to the use of infrared 
sensitive materials for camouflage détection where naturel foliage can be dis- 
tinguished from artificial by its lack of water content. Some photographie in- 
dication is also présent of the température or relative température. 

Infrared sensors, which are distinct from photographie sensors, can uniquely 
détermine the température of a target with great accuracy. They respond to pas- 
sive IR émission and thus are useful in the absence of light. Infrared will 
provide an indication of shape and size comparable to that found in photography. 
In addition, since IR sensors record thermal activity, they are useful for lo- 
cating manmade objects, and in determining operational activity levels. 

High Resolution SIde Looking Radar dépends on recording a self-generated 
electromagnetic signal and analyzing the target reflections of that signal. 
Metallic and manmade objects are highly reflective to side looking radar sensors 
which enables the reconnaissance anaiyst to locate quickly objects which are 
likely to be of high interest. Side looking radar also provides a mapping cap- 
ability which does not dépend on solar radiation thus making it useful for night- 
time operations. 

The ELINT (eleetronlc intelligence) sensor is a passive reconnaissance Sys- 
tem which simply receives records and analyze electromagnetic radiation over a 
vide frequency range. Since many modem ground forces are equipped with various 
radars and other emitters, ELINT is useful in detecting and locating these char- 
acterlstic emitters by analyzing the received signal with respect to aircraft 
position. The type, number, and location of radars and other emitters can be 
determined. 

It can be easily seen that each of the sensors bas a unique capability. 

Thus, the modem multisensor concept is that of combining, on a cornmon time base, 
the résulté of each of these sensors to obtain a far more detailed and accurate 
picture of ground events than would be possible using a single sensor. Figure 
1-1 is a general System diagram which shows the various sensors, the operations 
which they perform, and thelr interrelationship with each other. The intercon- 
nections and interactions between sensors are laid out to indicate ail of the 
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possible changes in groupings that seem reasonable. The System diagram covers 
the operation of a multisensor reconnaissance System starting with the charac- 
teristic radiation patterns, either passive and active, of a given target and 
finishing with the action order given by a commander on the basis of the analysis 
of the collected information. The interplay of records and information is char- 
acteristic of any multisensor system and does not relate particularly to any 
current operation. 

1.1 ANCILLARY EQUIFMENT AND FARAMETRIC RECORDINGS 

In discussing the use of a multisensor aircraft for tactical reconnaissance, 
it is necessary to assume that some major ancillary pièces of equipment are 
available. It is assumed that a high accuracy inertial navigation system is 
available aboard the aircraft, and that there is provision for reading the out- 
put of that system into the data blocks of the sensor, sensor Controls, and other 
points in the system where that data may be useful. 

1.1.1 Ancillary Data 

Proper operation of a multisensor system requires that certain information 
be available in either digital or anaiog form, to the various Systems aboard the 
aircraft. 

1.1.2 Time 

Accurate time must be recorded at most of the sensors to the nearest milli- 
second, and this time should be accurately correlated at the beginning and end 
of the mission with those time Systems in use at the interprétation station. 

Time is required because ail of the data blocks, key records, and other devices 
are collated against a time base. For example, the location of the aircraft is 
known against a time base. Given the time base, the appropriate photograph or 
record from any of the sensors can be located quickly, simply by referring to 
the proper time on the data block associated with the record. 
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1.1.3 Mission Data 

There must be available for use in the data block Systems and wherever else 
required, information regarding the day, month, year, the aircraft: identifica- 
tion, the pilot f s name, the mission identification and any other prominent rec- 
ords associated with a particular mission. These should be available as digital 
signais for inclusion in the data block or other signal Systems inhérent in the 
operation of the sortie. It would be useful, for example, that this mission 
data be provided at intervals as a key on data link transmissions to identify 
the particular aircraft issuing a report. 

1.1.4 Géographie Location 

One of the parameters against which a record will be keyed for analysis is 
the proper géographie location of the aircraft at the time the record was taken. 
It is assumed that the géographie location supplied by the inertial navigation 
system will be accurate to at least a tenth of a mile in latitude and longitude 
at any time during the mission. It is possible that some of the display and 
auxiliary Systems associated with the multisensor aircraft can be fed into and 
update the navigational equipment by reference to known major geographical 
checkpoints during the mission. 

1.1.5 Velocity, Height and Direction Indications 

In addition to the navigation equipment, it is expected that radar alti- 
meters and speed indicators as well as conventional barometric altimeters and 
air speed indicators will be available. The radar altitude and velocity meas- 
urement would provide the proper velocity and height correction normally needed 
to operate the image motion compensation modes in photographie and infrared Sys- 
tems. This information is also required in the analysis and signal processing 
of the high resolution side looking radar and the ELINT signais. It also is 
necessary to know the compass heading and direction of flight of the aircraft to 
a high degree of accuracy in order to compute effects of, say, crab angle on the 
high resolution radar, and to provide location corrections to devices connected 
with the ELINT and infrared photographie sensors. 
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1-1.6 Automatic Seasor Gontrol 

The information generated by the velocity, height and direction Systems 
should be used in conjunction with "black box" equipment which will provide 
automatic sensor control and corrections of the V/h ratio and correction of 
crab angle in IMC. Those parameters of the side looking radar and ELINT which 
require active control regarding velocity, height and direction on aircraft 
during exposure of their records will also be automat ically corrected. 

1.1.7 D ata Block 

A data block must be imposed on ail records which indicates the numerical 
value of the important parameters in data réduction. A standard military data 
block is in existence which contains the proper information. It is suggested 
that in addition to the information already in the standard block, that the 
actual speed of the aircraft with relation to the ground be added to an unused 
part of the data block- The standard block records radar altitude, longitude, 
latitude, GMT time, the pitch and drift of the aircraft, the aircraft heading, 
barometric altitude, the side looking radar mode, the sensor identification, 
sortie number, aircraft identification, the year, the month, and the day. 
Currently, it is in a man-readable digital data System which has been proven 
opérât ionally adéquate. With the addition of aircraft speed, ail of the infor- 
mation necessary to automatically reduce any record in computer assis ted tech- 
niques will be available. This data block should be impressed on every frame 
of a frame record, and periodically at timed intervals along the margin or near 
the margin of any strip records, such as are produced by strip caméras, panor- 
amic caméras, side looking radar, and ELINT Systems. The ELINT System will re- 
quire data conversion to a digital sequence code so that it may be impressed 
properly on a magnetic tape specifically used for recording the ELINT informa- 
tion. However, infrared, side looking radar and the photographie sensors will 
employ the Impressed digital data block which forms the Visual image on the 
final film records that are associated with each of those sensors. If the in- 
frared sensor, for example, uses magnetic tape as an auxiliary recording medium, 
the digital code formed for use on the ELINT System will be impressed on the 
infrared tape as well. 


SPECIAL HANDLING 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 



Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 

W w 

SPECIAL H ANDLING 

1.1.8 Oper ator/Observer Displays and Functions 

The display of information to the operator/observer of the reconnaissance 
equipment in the multisensor aircraft could increase the usefulness of a multi- 
sensor System. Briefly discussed earlier was the fact that the pilot of a high 
performance aircraft will be occupied with his vehicle, but that time is avail- 
able for a crewman aboard such an aircraft to perform tasks involved with the 
operation and utilization of the sensor inputs from the multisensor System. 
Currently available to the operator is an optical viewfinder which produces 
several valuable pièces of information. The observer is able to visually read 
out drift angle, and to calculate the V/h ratio information, should the auto- 
matic Systems be inoperative. The optical viewfinder locates a nadir and ver- 
tical caméra principal point, shows the vertical caméra format, provides a 
traveling grid for V/h déterminations, provides for a forward oblique format 
indication, shows the track line of the aircraft, and can be used for updating 
navigational information. While the information available in the optical view- 
finder is certainly of interest to the observer and operator, it is possible 
perhaps to provide him with a display which involves automatic location and 
identification in some cases, of interesting priority targets. It is genetically 
possible to say that a display could be provided to the operator which would in- 
dicate on it against a géographie or other display device, the location of mov- 
ing targets as determined by the side looking radar, hot spots as determined by 
the infrared Systems, and the location of ELINT emitters as determined by the 
ELINT System. There is no information currently available from the photograph, 
which is a definite target indicator, separable from the background noise auto- 
matically without the interférence of an operator. 

It is reasonable to suppose that the electronic signais generated by the 
infrared sensors, high resolution side looking radar sensors, and the ELINT 
sensors, could be fed to a System which would automatically indicate previously 
defined threshold information. 

The location of items of interest may be automatically indicated but it is 
not probable that such a System can absolutely identify the type of target. 

The following examples of the ability of an automatic target indicator are 
given. It would be relatively simple to threshold at a given température above 
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background and record the location of those hot spots and signais which exceeded 
that température. Such an automstic System could give the cross-track indication 
in conjunction with time. This could absolutely identify the location of the hot 
spot with regard to other records being made by other sensors, for corrélation 
at a later time. In this way, the location of thresholded targets from an in- 
frared standpoint can be pinpointed on the photo records, and the high resolution 
radar records for comparison at a later time. Secondly, high résolution radar 
can be processed so that it produces a moving target indication which can be 
recorded and indicated in near real time. Such a moving target indication could 
be displayed to the operator through the automatic target indication System so 
that he might be able to discover fleeting targets, which are of high interest 
in a tactical situation. Having the moving target indications displayed before 
him over a finite area would allow him to make counts, work on route surveil- 
lance, and in general perform a low level of interprétation which could be high- 
ly useful in working the final records for interprétation when the aircraft 
returns to its base. It is altogether possible that a high density of moving 
targets at a location where they were not otherwise expected, could be a priority 
piece of information which would require quick command reaction. 

ELINT equipment will be able to locate and identify emitters in a very 
large area and their location and identification on the operators display screen 
might be a very important factor toward hls survival and ef fec tiveness during a 
mission. The operator display System would require an input geographically 
locating the aircraft. It should hâve an indication of those things discovered 
by the automatic target indicator and sensor identify ing symbols, so that the 
operator can easily tell the source of the signal. It is also possible, using 
the electronic signal from the infrared sensor, to impose on the same display 
screen, an infrared map image of the local area. Using this map it would be 
possible to perform navigational updating against the coraputed location of the 
aircraft on an available hard copy map. 

1.1.9 Automatic Target Indicator 

The general problem of too mueh information from too many sources bas com- 
plicated the analysis problem of multisensor reconnaissance data. The concept 
of displaying key information, that is, information which refers to objects of 
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high probable interest, has been described in the previous section. It is 
necessary, in order to work with such a display System, to hâve a method of 
determining what object is interest ing out of a large number of features which 
will be présent in the records from the multisensor Systems. Since there are 
no distinguishing characteris tics in the photographie records which are currently 
subject to automatic identification, no attempt is made in this discussion to 
conceive of a System to process visual spectrum information. However, the same 
categorical qualification does not apply to infrared, side looking radar, or 
ELINT. Since the characterist ic of an infrared sensing System is that they 
are capable of determining the température of an object or terrain feature as 
well as its emissivity in certain wavelengths, infrared records are susceptible 
to automatic screening for objects of high interest. In general, interesting 
objects can be defined as those which hâve a higher température, or which are 
markedly different than their surroundings as seen in the infrared spectrum. 

Since the output of infrared sensors is an electronic signal, that electronic 
signal can be screened by automatic thresholding devices which give an indica- 
tion when the signal exceeds given and preselected threshold as far as tempéra- 
ture or emissivity is concerned. Thus, an automatic target indicator for infra- 
red can be conceived. It is obvious in such a System that a false alarm rate 
which may be as high as 50 percent will be generated, however, the corrélation 
of the automatically processed infrared signal with the side looking radar and 
ELINT signais automatically processed, can give an alarm rate which will far 
exceed the normal expectation for locating targets of interest automatically. 

The high resolution side looking radar, which also generates an electronic 
signal, has inhérent in it the ability to locate a moving target which is a 
radar reflector. Since the side looking radar does not dépend on natural radi- 
ation but generates its own signal and analyzes the reflective returns, such 
character istics of that return, such as doppler shift and location can be auto- 
matically processed to give an indication that a reflector is moving, give its 
direction vector, and in some cases its speed when the speed is relatively high. 
Working with an aircraft moving at Mach 1, a moving target on the ground whose 
directional vector is properly oriented with respect to the radar beams, can be 
detected when moving at as low a speed as twenty miles per hour. Below that 
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speed, an indication that the target is moving will be made, but its speed and 
vector analysis will be limited and inaccurate. 

Dealing with the ELINT portion of the multisensor System, the ELINT itself 
can be so configured as to au tomatically process the incoming signal, which is 
of course extremely wideband, and make a comparison agalnst fixed identification 
patterns. With proper computing equipment which can be airborne, the ELINT Sys- 
tem can détermine the location of, and identify an emitter as to its probable 
type and activity level. 

It can be seen that these three sensors, each generating an electronic 
signal which can be automatically processed, opérât ing in conjunction, can de- 
velop information which will ease the problem of screening the image information 
which is recorded by the infrared System and the photo System, as well as by the 
side looking radar. By using what we hâve called the priority flag or key Sys- 
tem, it should be possible to reduce the time required for scanning the records 
from a multisensor mission, so that a high degree of probability can be main- 
tained and targets of high interest will be looked at and detected first. 

The priority flag does not présupposé that the target has been identified 
or is indeed a tactical target, it simply indicates that this is an area in 
which a higher probability of locating targets of interest exists. 

1.1.10 Priority Flag or Key System 

The automatic target indicating System previously genetically described has 
as its output, a signal which locates a target on the géographie grid and iden- 
tifies it as coming from an infrared, side looking radar, or ELINT. The identi- 
fication as to what sensor has discovered this high interest area, and the po- 
tential identification of it, as with ELINT can be reduced by an automatic target 
indicating System to a digital word which can in turn be impressed on each of 
the records. Therefore, the photographie, infrared, side looking radar and 
ELINT will contain an indication to the analyst that this is an area which 
should be looked at particularly as containing information which may relate to 
a tactical target. Since the information is in digital form it can be fed into 
an electronic display System for the operator, it can be recorded on a suitable 
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multichannel tape recorder, or it can simultaneously be transmitted over a real 
time data link to enable a priority analysis group at the reconnaissance center 
to prédéterminé which areas of interest they will scan first on receiving the 
total sensor record package from the aircraft. 

As previously described, the operator/observer onboard a multisensor air- 
craft can hâve a display which provides him with a readout of those target areas 
which may hâve a high probability of containing a tactical target of interest. 

He will hâve indications of moving targets and identification of ELINT emitters. 
It is entirely possible that the operator will be able to provide some interpré- 
tation of activity levels which may be of interest to the Air Intelligence 
Officer back at the Interprétation Center. Therefore, it is reasonable to ex- 
pect that the operator/observer will need the capability of providing a real 
time report on his findings, and it is suggested that this could be either a 
voice transmission or a digitally coded simple keyboard communication system. 

In any case, the real time report could easily be transmitted back over a low 
bandwidth data link which is not limited by horizon problems. This report should 
be simultaneously recorded for inclusion as part of the multisensor system pack- 
age of records. 

1.1.11 Communications and Data Transmission 

One of the real problems which face a multisensor system and the interpret- 
ers. is the problem of timeliness. It is possible in the current state-of-the-art 
to conceive of a multisensor system which will, in real time or near real time, 
transmit back over a data link ail of the information which the system is gather- 
ing. The major problem in this area is a bandwidth limitation, in that the bit 
rate of the information being accumulated by a multisensor system is extremely 
high, ranging upward of perhaps 200 mégabits per second. It is difficult to 
realize that the amount of information being generated by the collective sensors 
in a typical multisensor system is not subject to real time data transmission. 

One can, however, consider degrading the quality, or ground resolution of the 
input from the sensors and relaying back degraded information on a real time 
basis. The photographie resolution is commonly between 20 and 200 lines per 
millimeter. It is possible to transmit on current data link Systems about 
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200 lines per millimeter from 5-inch aerial film, This requires a System which 
scans line by line and converts the scanned image into electronic signais proc- 
essed serially. This type of System requires bandwidths of between 5 and 10 
megacycles which is about the iimit of current working technology. With suffi- 
cient power and proper antenna design, microwave Systems can be designed which 
will allow between 50 and 100 megacycles real time transmission, however, these 
Systems become bulky and heavy and are subject to distance dégradations. Micro- 
wave Systems in general are limited by horizon, in that they require straight 
line transmissions. If it were possible to reduce the bandwidth of the data 
required for transmission, it is conceivable to work with a narrower bandwidth 
and transmit coded or condensed information, A typical voice transmission Sys- 
tem would be considered a narrow bandwidth transmission link. Much greater 
utilization of the bandwidth could be made by simply coding the data which was 
required for transmission. A detailed analysis and description of those current 
techniques available for utilization of data links will be found in the appendix 
to this document. Tracing the target radiation patterns through the multisensor 
network, the folloving items are probable subjects for transmission over a data 
link; first, the real time report from the visual observations, the operator's 
impressions and reports of either those scenes which hâve been seen directly or 
those things which hâve been displayed before him on the optical viewfinder or 
the operator's display System. 

The next records which are subject to transmission over the data link would 
be the inflight processed photographe. The photo Systems could be produc ing a 
number of feet per minute of processed photographie émulsions and passing these 
transparencies over a scan System and flying spot scanner whether they be néga- 
tive or positive. An electronic reproduction of the photograph can be made and 
transmitted over a wideband data link. Depending on the number of simultaneous 
photographs, the requirement for bandwidth on the data link may be taxed 
severely . 

The infrared signal coming from the sensor is already an electronic signal, 
and after suitable signal processing can be directly relayed over the data link. 
The signal may also be recorded on magnetic tape, and by suitable dégradation 
processes a low resolution image record can be read directly from the tape over 
the data link. The original IR signal could be used to provide a filmed image, 
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much like the photograph, which when processed from the IR system, can be read 
out in a system similar to that used for the photographie readout. In this way 
an IR image could be transmitted from the processed film record made by the in- 
frared equipment. The bandwidth requirement for infrared varies from about 1 
megacycle to about 3 or 4 megacycles for transmission of the image. 

The high resolution radar, which after suitable signal processing generates 
an expos ed film record which may be inflight processed, has a low data rate when 
considering the comparable rates from the other sensors. High resolution radar 
would require a readout system similar to that used for the photographie repro 
duction, but since the film rates in a side looking radar are quite low and the 
résolution éléments are reasonably large, data rates can be expected to be about 
1 to 2 megacycles. 

ELINT records, which will be normally recorded on magnetic tape and signal 
processed, will produce a tape which requires about 1 megacycle bandwidth to 
transmit the processed data. 

Thus, it is possible, using a variety of Systems ranging from flying spot 
scanners and line scan Systems, for those records which are photographie trans- 
parencies, through direct reading electronic Systems, to transmit in real time, 
or near real time almost ail of the information collected by the sensors on a 
multisensor aircraft. The penalty of course, is that there is bound to be some 
dégradation, especially in the photographie records, from the quality which is 
collected by the various sensors on the aircraft. Another penalty would be the 
excessive weight and volume required for the data link to process and transmit 
such a large amount of data. The data handling problem at the collection end is 
just as large, requiring that an image conversion system be provided for each 
channel . This would mean that an image converter would be required for the in- 
frared, side looking radar, and for every photographie record which was sent, 
plus some means of recording the ELINT and visual coded information as well as 
the priority flag data, géographie location, time, and many other parameters 
which must be relayed over the data link to tie together the information in a 
workable form. However, it can categor ically be said that there is the possi- 
bility of relaying over a data link on a line of sight, ail of the information 
collected by the multisensor system, although somewhat degraded for photographie 
and infrared sensors. 
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1.1.12 Signal Processing 

The problems involved with receiving the information transmitted over a 
data link can be extremely complex. One problem would be the necessity for a 
relay system, possibly a relay aircraft, when the multisensor mission is flying 
at a low altitude sorae distance from the reconnaissance center. Since the wide- 
band data link must operate over a line of sight, there is, of course, the po- 
tentiel of using a relay aircraft which would receive the transmitted signais 
from the reconnaissance aircraft, and relay them to the interprétation center. 
The use of such a relay System would provide wider coverage, and wider range for 

the aircraft engaged in the actual reconnaissance. À narrow bandwidth data link 

is not plagued by a line of sight problem, and some of the key records or voice 
communication would not be limited by the horizon problem. For the moment, let 
us assume that the signal transmitted by the reconnaissance aircraft has been 
received directly or relayed by means of suitable aircraft or relay stations to 
the reconnaissance center. As previously indicated, the sorting and reproduc- 
tion of the data coming over a real time data link présents a problem. Line 

scan Systems working in reverse can be utilized to provide a photo record of the 

transmitted transparencies , and the infrared and side looking radar record. A 
separate recording and reproduction station must be provided for each channel 
being transmitted; therefore, there would be at least two photographie records, 
an IR record, and a side looking radar record being reproduced if the total 
spectrum of the reconnaissance system were being relayed. In addition, magnetic 
tape records would hâve to be maintained for the priority flags, the ELINT rec- 
ords, and the pilot/observer reports. Ail of these Systems would hâve to be 
collated by the automatic readout of appropriate data blocks and corrélation of 
time signais. This présents a complication in regard to the receipt of the in- 
formation, which as previously noted will be somewhat degraded in quality. As 
an alternative the original records could be recovered from the aircraft, al- 
though a slight time delay must be accepted since record recovery can not take 
place until the aircraft has returned. Whether or not the slight time advantage 
gained by transmit ting the records in real time is of sufficient importance to 
justify the tremendous equipment complication is not a matter of this text. 
However, it should be noted that another mode of operation of the data link does 
exist which can be potentially useful, The data link can begin to transmit 
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stored data after the aircraft has finished its actual reconnaissance runs, and 
while it is involved in the long return to the interprétation center. This will 
provide a somewhat shorter time advantage, which may be of prime importance dur- 
ing a critical situation. 

1.1.13 Ground Handling 

The previous sections hâve discussed the problems surrounding the collec- 
tion and processing of information in a multisensor reconnaissance aircraft. Up 
to this point, we hâve traced through the various reconnaissance sensors, the 
path of target radiation patterns as they are collected, handled, processed, and 
relayed, eventually to arrive at the aircraft carrier or reconnaissance center. 
It will be assumed from this point that ail of the records in all.forms are 
available and the following discussion will deal with what we term the ground 
handling of the multisensor information from the time that it arrives at the 
reconnaissance center until it is in a useful form for a decision making com- 
mand System, The records collected from the multisensor aircraft must now be 
collated with a total picture of battlefield reconnaissance. The information 
must be handled through one of several possible paths, through four basic oper- 
ations. These are first, a Data Corrélation Center, in which the information 
from this particular mission and ail other missions carried on simultaneously 
can be sorted out and those records which are of high importance can be priority 
processed. The Data Corrélation Center will normally be the responsibility of 
the Air Intelligence Officer and it will be his decision and his option to se- 
lect those areas of records of maximum importance for immédiate interprétation. 
From the Data Corrélation Center, information may be passed to a Priority Analy- 
sis Center where a first rough eut at those items of importance can be taken. 

The information may be passed to a Data Display and Interprétation Center for 
detailed interprétation. From either the Priority Analysis Center or the Data 
Display and Interprétation Center, the information in interpreted form calling 
out Orders of Battle, would be passed to an Order of Battle Status board for 
interface with the decision making and command organizations . As a support 
organization for the Priority Analysis Center and the Data Display and Interpré- 
tation Center, a Data Storage, Processing, and Retrieval Center will be neces- 
sary. This area will store collateral intelligence from other sources and will 
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act as a library, receiving interpreted information for future use. From the 
Order of Battle Status board, information will pass to the Air Intelligence 
Officer who will be responBible for briefing reconnaissance and strike crews. 

The Order of Battle Status board also interfaces with the flag plot or command 
post, which initiâtes the action orders which will in turn eventually change the 
target radiation patterns, completing the total cycle. The operation of the 
Reconnaissance Center bas been laid out in detail because of the tremendous 
complexity of the operation involving at least six major record Systems and the 
requirement for correlating and interpreting these records in conjunction with 
one another and with other simultaneous information. The total System is geared 
toward a complété interprétation to the level required in a tactical operation 
within a period of about two hours commencing with the retrieval of the informa- 
tion whether from the aircraft or from a data link. A detailed breakdown of the 
signal flow in the reconnaissance center is outlined in Fig. 1-2. The four 
major operation centers are delineated and the discussion outlines the operations 
in each area. 

1.1.14 Data Corrélation Center 

One of the confusing aspects of large volumes of information is the require- 
ment to correlate incoming data so that information on the same subject from 
different sources is properly controlled. Communications coming into the Data 
Corrélation Center will include reconnaissance information provided by strike 
crews, information from ground forces such as Bcout reports, patrol reports, 
simultaneous reconnaissance from naval surface units operating in the task force 
area, and possibly reconnaissance information from a simultaneously operating 
reconnaissance sortie. Dealing with the records from the mission which this 
diagram details, there are two potential sources of information. First, the 
prime records retrieved from the aircraft ttself. These will be n hard copy", 
processed or unprocessed. They will include imagery from the photographie Sys- 
tems, the infrared System, and the high resolution radar Systems, as well as 
magnetic tapes from the ELINT System, the observer report System, and the key 
and control System. The second input will corne from the second génération of 
records which are those records relayed over a data llnk. Once again we will 
be potentially dealing with photo image, infrared image, high resolution radar 
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image, ELINT tapes, observer report tapes, and key and control tapes. It is 
assumed that the data link réception system involves image conversion for those 
Systems which are transmitting images, so that hard copy positive transparency 
of a photo, infrared, and side looking radar will be available. It is the func- 
tion of the Air Intelligence Officer to properly direct information coming to 
him for the best use of the records. His requirement is to provide timely in- 
formation to the Order of Battle display system which is used by the decision 
making groups. The Air Intelligence Officer in the Data Corrélation Center will 
relay ail of the prime records to the Data Storage Processing and Retrieval area, 
where those images which are still unprocessed will be handled, and those rec- 
ords which are required in the Data Display and Interprétation Center will be 
properly set up for use by the reconnaissance analyst. The second génération 
records on the other hand will be processed directly to the Priority Analysis 
Center as positive imagery and tape records. The data corrélation group will be 
responsible for properly cataloging and distributing the simultaneous reconnais- 
sance information from ground forces, naval surface units, and simultaneous op- 
erations to the Priority Analysis Center or the Data Storage Processing and 
Retrieval Center (DSPRC). 

1.1.15 The Priority Analysis Center (PAC) 

The prime requisites regarding multisensor information is that the interpre- 
ted results be available as rapidly as possible for command and control deci- 
sions by its proper posting on the Order of Battle displays. For this purpose, 
the positive transparencies of the photographs, infrared images, and side looking 
radar will be fed directly to the priority analyst who will hâve an optical pri- 
ority viewer which will accept simultaneously the 3 to 5 transparency records. 

He will also hâve an analog plotting board to display the key and control data 
information and the flight path of the aircraft. The priority viewer will hâve 
an area map on which the location of the aircraft is indicated for comparison 
with the plotting board. Location of the aircraft will be generated by the 
automatic reading of the data blocks on the records, or a system using the key 
and control tape as a major locating system. The priority analyst will take a 
first look at the records, picking out as rapidly as possible those items of 
high interest. He may make his report orally and transfer it thus to an 
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operator associated with him, The operator will préparé a punched card report 
and simul taneously transfer the information for posting on the Order of Battle 
board. The punched card report will be sent to the Central Data Processing 
Computer for disk storage as a prlority analysis. As is shown in the diagram, 
the second génération records may require data réduction. High resolution 
radar, for instance may require optical corrélation and photo processing which 
is outlined in the diagram. As illustrated in the diagram, the second généra- 
tion records may be fed directly to the image viewer of the reconnaissance 
analyst in the DDIC. There is no reason to expect that these records do not 
contain enough information for sorne detailed analysis, and indeed if the air- 
craft has failed to return, the information contained in the data link trans- 
mitted reports will be ail of the information available on the mission. Since 
the priority viewer is not intended for detailed interprétation, a flow path is 
also set up so that the second génération records will be acceptable and com- 
patible with the image viewer in the DDIC. 

1.1,16 Data Storage, Processing and Retrieval Center (DSPRC) 

In the context of modem multisensor technology, the Data Storage Processing 
and Retrieval Center is a complex System consisting of computers, photographie 
Processing Systems, digital/analog converters, specialized retrieval Systems, 
dise storage and card files, hard copy map stores, and various types of refer- 
ence and library materials. Into this complex System the prime records of a 
multisensor mission will be fed from the Data Corrélation Center (DCC). For 
those unprocessed image records, the photographie processing System is used in 
which the photo IR, and high resolution radar records may be processed. Corning 
out of the photo processing group the records can be duplicated to provide pos- 
itive tr ansparencies , In the case of the high résolution radar, an optical 
corrélation step may be required, in which case raw information is cycled back 
to the original processing group ending up with a transparency which may be a 
duplicate or an original, The originels of the image records may then be di- 
rectly sent to the image viewer in the Data Display and Interprétation Center. 

The viewer can be supplied with either a positive or négative transparency from 
this processing step. In addition the duplicate processing System can provide 
prints which will then be available for crew briefings, flag plot perusual and 
news media releases. 
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The observer reports, key and control tapes, and infrared records which are 
on magnetic tape are processed as required. 

ELINT data may require a computer step and an additional analog converter, 
but the key and control tape will be fed directly to the central data processor 
and from there to a digital priority key store on a dise recorder. ELINT data 
will pass from the computer processing step into the digital ELINT desk store. 
The original infrared tape will be fed directly into the image viewer where a 
separate retrieval System will be used when the information on the tape is 
required. 

In continuing the discussion of the Data Storage Processing and Retrieval 
Center, we will at this point note that the original transparency or duplicate 
positive image has been processed and is available at the image viewer in the 
Data Display and Interprétation Center. In tracing the data flow it is now 
necessary to deal with one record at a time. The photo record will be handled 
as follows. It will be seen that during analysis at the image viewer, the re- 
connaissance analyst will select photo records for filing. This will include 
only a small portion of the originals, and those photo records will be processed 
as shown. They will be copied in image store format, and will require a photo 
processing step at this point. We will now hâve copy imagery which will go 
directly into the image store. The image store may be maintained in several 
ways, first there may be transparency files, and the original négatives filed 
and stored temporarily as roll négatives. During the copying stage, an index 
number will be added to the photographs so that they may be easily retrieved. 

It is suggested that images be stored and filed against their target type and 
their geographical location and cross filed in this manner so that they may be 
retrieved against either index. The index will be generated from an index dic- 
tionary, associated with the computer. At this point the original material has 
been called, and the selected images are filed as either positives or reduced 
positives properly indexed in the file drawers. 

The infrared tape and the infrared image will be dealt with next. Infrared 
tape will go directly to the image viewer where it will be available for use by 
the analyst only for detailed interprétation. The major infrared record, which 
will be a positive transparency, will be handled in precisely the same way as 
the photo imagery preceding it. The infrared imagery will also be stored 
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against the index numbers. The data bloek which will appear in each frame on 
the photo and infrared imagery, will also aid in its retrieval, 

Selected high resolution radar records will be processed through the copy 
System and stored in the image store format in the same manner as the infrared 
and photographie imagery. Index numbers will be added and the cross reference 
System will be used. 

Magnetic tape records will require a somewhat different storage System. 

Among the tape records associated with a mission will be the infrared record, 
which is a very high resolution analog record of the infrared scanning which 
has produced the IR image. The tape will be used directly at the image viewer 
for interprétation of detail and should be malntained as the mission record 
until ail of the mission analysis has been performed. Temporary storage for the 
IR tape should be provided until the need has passed, at which time the tape 
should be erased for reuse. 

The key and control record tape will hâve several channels, each of which 
will contain high censity information. This tape will contain a record of the 
keys which hâve been produced by automatic thresholding from the sensors. It 
will contain the navigation Information, géographie location, time and other 
parameters necessary for making an analog plot of the mission and locating the 
keyed targets. The key and control tape may now become the control ling record 
for the analyst, in that it pinpoints those locations which require a first 
look. The tape can be used directly in the Image viewer, processed via computer, 
or utilized in an analog Order of Rattle plot board associated with the viewing 
station. Before being placed in the image viewer, the key and control record 
can be read into the central data processor which will add the index System. 

The information on the key tape can then be stored on a dise System so that it 
can be retrieved rapidly. A first readout of that dise will provide an analog 
plotting of the keys against the mission profile, The analog plotting board 
will also contain the last known order of battle symbology, so that new informa- 
tion can be readily dis tinguished from old, The central data processor, in add- 
ing index numbers to the key tape, will also generate a punch card record to be 
used as backup in the event that the dise storage System is disrupted. 
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Returning now to the original ELINT tape, the data réduction provided in 
the computer will be performed and an analog conversion of the ELINT information 
will be fed direct ly to the analog plotting board in the analysis center, From 
the ELINT computer, digital information will be processed through the central 
data processor into the digital ELINT store which could be a dise store; simul- 
taneously generating a punch card which will remain as the backup System, 

The computer associated with the digital analog converter and analog plot- 
ting board in the Data Analysis and Interprétation Center will also be used to 
read a digital Order of Battle dise storage from the main storage System, and 
convert to the analog plotting board, the location of the currently known Order 
of Battle symbols. The computer can be connected to a printing device which 
will provide an ELINT hard copy printout in alphanumeric form and/or an Order of 
Battle data sheet in alphanumeric form should it be required. Hard copy print- 
out could be added to the detail file for the reconnaissance analyst for refer- 
ence to a given mission, 

The storage and retrieval System which will now be discussed is truly a 
separate area from the processing and manipulation areas, Corning into the image 
store section will be information from many different parts of the System, To 
begin with, this is a depository for ail the information from national sources, 
ail charts, maps, target studies, manuals, and reference documents of ail kinds 
can be miniaturized or kept in full sized documents in this area. This area 
forms the library for the entire reconnaissance section, and contains ail of the 
information from sources outside of the task force. It has previously been 
stated that selected imagery from a mission analysis will be copied into a stor- 
age format and placed in the files. This method of filing is but one of many. 
Records could be as a transparent file card, information could be reduced to 
Mitran size, it could also be filed as an aperture card in a punch card system. 

It has been suggested that information coming into the image store area be proc- 
essed through a Central Data Processor which has access to the index dictionary, 
and that index numbers will be added to the information coming in so that it can 
be cross-referenced by target type or geographical location. 

The existence of storage imagery does not delete the requirement for 
temporary storage of the primary mission records. Primary records should be 
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maintained until ail detailed interprétation has been completed at which time 
they may be transferred to a national agency, or destroyed to prevent confusion 
with new records. For this reason, the quality of the copy image must be high 
so that information is not lost from the original data. 

Dealing now with the problem of retrieving information from the storage 
System. Two major alternatives, one that the information be retrieved from file 
drawers manually, or that some kind of automatic retrieval System by index be 
used. Manual retrieval from storage drawers is better suited to the storage 
System. Using this method, a spécifie area of the world can be covered by the 
backup material from national sources. The updating and disposai of outdated 
material can perhaps be best done in manual fashion. As an example, an area 
photo print has been requested from the store and identified by its index num- 
ber. It is a simple procedure requiring only a few seconds for a librarian to 
retrieve the necessary image in any one of the forms previously mentioned such 
as a 70 millimeter transparency or an aperture card, process it, and reproduce 
it or any spécifie area as a photographie enlargement. The original imagery 
will be returned to the file, and the print will be processed and sent to the 
requestor, It is also possible that some of the Mitran information dealing with 
reference material which was required as part of the analysis detail file will 
be required for a given mission. This material will be retrieved from the image 
store manually, a photo copy made, and information passed directly to the analy- 
sis detail file for the analyst. It is equally possible that a transparency of 
a given area for reference will be needed in which case an image can be re- 
trieved from the store manually, a copy transparency made, and processed directly 
into a format suitable for use in the image viewer. It is also possible that a 
request for mission or sortie material will be originated by the Air Intelligence 
Officer for the purpose of briefing strike or reconnaissance crews. This in- 
formation requested from an image store will be processed in precisely the same 
manner, that is, the original image will be manually retrieved from the file, 
the necessary photo copies made, and passed into the mission folder for use by 
the Air Intelligence Officer for briefings. In this way the newest of material 
and the newest image cover on a given area can be maintained in the file, even 
though the material is currently under analysis in the analysis center. It 
should be noted that a number of the operations which are outlined in the flow 
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diagram will be simultaneous rather than serial. That is, original imagery can 
go directly into the image store as soon as possible, even while duplicates of 
that imagery are being used in the image viewers under active analysis. 

In the interest of simplicity, it is just as possible to use the file 
imagery or the original imagery directly at viewing equipment. This accepts 
some risk in handling, and means that the viewing equipment must accept imagery 
in many forms, somewhat complicating that system. 

Concerning the problem of punch card storage, alternatives for the retrieval 
of the cards from the file are either by automatic or manual means. The auto- 
matic retrieval system is easier because of the high speed sorting machinery. 

It is reasonable to assume that the backup store of information will be main- 
tained on punch cards, which can then be used to produce digital or alphanumeric 
printouts, and for rework of digital dise storage Systems. The cards will be 
generated by the Central Data Processing System which will add the necessary 
index information to cards coming from the priority and reconnaissance analyst. 

It is very difficult for chart storage to be anything other than hard copy 
material provided long before the mission. Photographie reproduction of these 
charts is not likely. They will be maintained as hard copy originating in the 
national sources. Records from the map store will probably be retrieved manu- 
ally, but could be retrieved after an alphanumeric retrieval display from the 
Central Data Recall Processor, on request of an analyst or an Air Intelligence 
Officer for briefings, or any one of a number of other requestors. 

Information which is used often, such as digital Order of Battle data, 
digital ELINT material, and digital priority and key data should be recorded on 
some system where access is rapid and changes are easy and practical. A digital 
dise storage system and readout would be the best available for this purpose. 
Search time for information stored on a dise is quite short and the dise storage 
system can be changed incrementally without destroying the information on the 
rest of the dise. In this way the central data processor could prôcess new 
Order of Battle data directly into the storage dise by index number and loca- 
tion, target type, or any other convenient system. ELINT information stored 
for the purpose of generating ECM outputs could be conveniently handled in a 
similar system. The third category of material, would be the key and control 
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data generated by the priority key System on the aircraft. Maintaining informa- 
tion on digital dises would provide rapid digital/analog conversion and plotting 
for the priority or reconnaissance analyst. Disc Systems hâve automatic readout, 
which will help in the retr levai of this high usage material. The dise output 
can be converted to digital printoufc, and used in preparing mission folder mate- 
rial, current Order of Battle lists, ELINT, and ECM reports. 

In summation, it can be said that the Data Storage Processing and Retrieval 
Center, is an area where original materials can be photo processed, magnetic 
tape records can be computer reduc ed as required» digital information can be 
converted to analog or other required forma, and the output of these Systems can 
be stored in convenient miniaturized form, or in punch cards. In addition, ail 
of the information can be retrieved in a minimum of time by the use of automatic 
Processing machinery and computers. In this area the library function will be 
performed and malntained by librarians who will search and reproduce records on 
request, from any one of several sources. Requests for information will corne 
from the Priority Analysis Center, the Data Storage Processing and Retrieval 
Center, and the Air Intelligence Officer» for the purpose of briefing strike 
and reconnaissance crews. 

Inputs to this area may corne from the analysis group, the priority analysis 
group as products for file, and from the Data Corrélation Center as products to 
be processed, filed, and simul taneously delivered to the analysis groups. The 
library function will involve the préparation of ail materials to be used in 
mission folders and briefing folders for air crewmen, The complex part of han- 
dling the tremendous volume of multisensor data will fall withln this area. 

Even though the System can be operated manually in any of its phases, the com- 
puter aided System allows for the time compression of the tremendous volume of 
data which is required in order to provide a mission analysis in a reasonable 
period of time. 

1.1.17 Data Display and Interprétation Center 

The heart of the reconnaissance center in a multisensor System would be the 
Data Display and Interprétation Center. This is the part of the multisensor 
reconnaissance System where the experienced Intelligence Officer interfaces with 
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the Visual, infrared, and radar images and interprets them. The major problem 
in this area is the proper présentation of the recorded data to the analyst in 
such a form and with such flexibility that he can, with the shortest possible 
time delay, détermine the location, and character of the targets presented to 
him. The data flow which is necessary to provide the reconnaissance analyst 
with the materials and views of the object that he requires, are shown in the 
flow diagram as the three major blocks surrounding the reconnaissance analyst 
himself . The major equipment used, of course, is the image viewer which is 
utilized to présent, comparatively , the imagery from the photographs, the infra- 
red, the high resolution side looking radar, and the alphanumeric information 
from the digital data blocks contained on each of these records. The image 
viewer, by reading the data blocks, can locate the position of the aircraft, 
détermine when the photograph or record was taken, and indicate the position on 
an outline map of the area under study. The image viewer should hâve the capa- 
bility of use by two analysts, since it will be necessary in some cases to com- 
pare the views from more than one sensor at a time. For example, there are a 
minimum of six potential active records which must be available. They are as 
follows: first the prime vertical record, which may be from a frame caméra or 

strip caméra; second, the forward oblique record, which will be from a frame or 
panoramic caméra; third, the side oblique or panoramic coverage which covers the 
wide side view; fourth, the infrared image; fifth, the high resolution side 
looking radar; and sixth, the high resolution panoramic coverage used particu- 
larly in high altitude work. There also exists the necessity for having avail- 
able historical image records which may match in number the new cover imagery. 

It should be possible to présent the historical imagery in a reduced format by 
miniaturization in the data processing and retrieval group. This multiplicity 
would seem to make the image viewer an extremely complicated piece of equipment. 
This, however, is the heart of the analysis problem, and a viewing System which 
will enable the analyst to select at will those supplementary records which he 
wishes to use in conjunction with the prime photographie record, is the major 
problem in the analysis section. 

One of the conjunctive pièces of equipment which helps the reconnaissance 
analyst to détermine what he must look at first, is an analog plotting board. 
ELINT System readouts are reduced to analog plots for use on the display System. 
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In addition the last Order of Battle status symbology should be recorded on the 
digital Order of Battle store and reproduced in an analog form on the plotting 
board, so that a comparison can be made between items already located, and items 
which are new and demand attention. The supplementary information coming from 
key records generated on the aircraft will add a third major display component 
to the analog plotting board. Now to combine with these the représentation of 
the flight path of the aircraft as computed from the navigational information, 
with pertinent time checks indicated at intervals along that flight path. This 
overall view of what has transpired during the mission gives the reconnaissance 
analyst the opportunity of selecting his area for first search on the basis of 
high density information presented by the key information on the analog plotting 
board. 

The concept of delineating an area of particular interest on the basis of a 
quick look at a plotting board reinforces another simple procedure. The Air 
Intelligence Officer will assign a list of 2 to 20 spécifie targets to a sortie, 
and a logical réduction in time can be achieved by looking at the area assigned 
as a target. The combination of assignment and the readout of the key data 
could be a powerful tool in cutting interprétation time in a critical analysis. 

The third interface with the reconnaissance analyst is the detail file of 
reference material which he has access to at the Data Storage and Retrieval 
Center. A detailed description of particular targets from generally known geo- 
graphical locations should be available on file. A detailed analysis of what 
the assigned targets will enable the analyst to call up the records covering the 
flight path assigned to the sortie. This information should be precompiled 
before the analysis begins, and the analyst should be given an opportunity to 
hâve looked at comparative last cover on those targets which were particularly 
assigned to the reconnaissance mission. This reference may be in the form of 
machine readable punch cards, hard copy readouts from digital analog printing 
Systems, or hard copy transparencieB and prints from the image store as called 
out by the proposed mission plan. The function of the reconnaissance analyst 
in the Data Display and Interprétation Center is to discover, using the tools 
given him, what the character and location of the objects of interest are in 
terms of the Order of Battle status board which he must update. The analyst 
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must be prepared to £orm a detailed analysis on any target of particular atten- 
tion further called out by the Air Intelligence Officer, at the request of deci- 
sion making personnel. In this regard he must hâve the ability of requesting 
new data or supplementary data from the retr levai System. Because the recon- 
naissance analyst has a difficult task, his interface with the rest of the System 
as far as reporting is concerned is important. He can generate a hard copy re- 
port, that is to say that he can punch out on a keyboard or write out a report 
of the objects he has seen, their location and the information necessary for 
plotting this on an Order of Battle display System. Alternatively , however, can 
give a verbal report to an operator associated with him or with the pair of 
analysts operating a given viewer. In the case of the verbal report, an audio 
record should be kept and the operator in turn can generate any hard copy or 
digital reports necessary. This relieves the analyst of the problem of shifting 
his attention from the objects before him to a task of manually transferring in- 
formation in a different format. 

The operator' s function should not be confused with the analyst' s function. 
The operator' s function is simply to relay the information from the analyst to 
the reporting System. He can préparé hard copy reports in proper format, or he 
can generate a digital report directly, or a punch card or tape. From the punch 
card or tape the report will be processed through a digital data buffer and then 
to a variety of potential flow paths. From the buffer a digital display could 
be generated directly on the Order of Battle status board. Or, an analog alpha- 
numeric display could be made which would allow manual posting on the Order of 
Battle status board. We could also printout in hard copy an Order of Battle and 
location which would then go for manual posting. 

The punch card report generated by the operator would be forwarded directly 
to the Central Data Processor for file in the general library store. Before 
filing, it would be encoded so that the new information on Order of Battle would 
be entered in the digital store contained in the dise file. 

We now must turn to the problem of dealing with the records which were 
turned into the reconnaissance analyst for use in the image viewer, and to the 
reports that he has generated. The analyst can as he progresses with his work, 
select which of the records are proper to be filed as spécial information. 
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He can then order the transmittal of those records dlrectly to the Data Storage 
and Retr levai Center. They may be copled in image store format and turned into 
the storage System sb image file. The original transparencies used in the image 
viewer, or the original négative which was manufactured or processed in the Data 
Storage and Retr levai Center earlier in the operation, should be maintained as a 
mission record for at least 24 hours or until another mission is flown over the 
area covered by those records. 

In addition to the high resolution radar, infrared image and photo records 
selected for file, new information should be generated periodically which con- 
tains an Order of Battle status board as it appearB. A possible way of accom- 
plishing this is to photograph the Order of Battle display board at intervals. 
The photograph of the Order of Battle status will provide the background infor- 
mation for several supplementary Systems. It becomes part of the image store 
and is a major piece of reference material. A properly processed photograph of 
the Order of Battle status board could be used as part of the observers display 
System in the aircraft for the next sortie. The photograph of the Order of 
Battle status could be used as a data base against which new displays in the 
aircraft are presented, using a moving indicator to locate the aircraft and pré- 
sent a small section of that photograph to the observer. Overlaying the new 
symbols so that direct comparison with material already identified can be made 
immediately by the operator in the aircraft is a possible technique. Thus, the 
photograph of the Order of Battle status becomes part of the mission material 
for succeeding reconnaissance missions. 

1.1.18 Order of Battle Display System 

The end resuit of the collection of the information in the multisensor air- 
craft and its processing through the myriad of steps which hâve been very gener- 
ally described, is the placing of symbols on the Order of Battle display board. 
The Order of Battle display is a chart-like représentation of a large battle 
area, with the appropriate symbols which indicate the character, type, and num- 
ber of targets which hâve been identified by the interpreters in the Data Dis- 
play and Interprétation Center. The symbols which are used on this display 
System are standard and are not within the scope of this discussion. The dis- 
play System is used to présent information to those who are faced with the 
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problem of making decisions using the reconnaissance information as their base. 
Information will be, of course, forwarded to flag plot whether that be on the 
carrier or another vessel, and the information displayed there is also actively 
used by the Air Intelligence Officer in his function as Briefing Officer for the 
aircrews whether they be for strike sorties or reconnaissance sorties. 

1.1.19 Air Intelligence Officer 

As previously mentioned the Air Intelligence Officer will be able to re- 
quest reconnaissance reference material based on the proposed mission flight 
plan of each reconnaissance mission. This information will be the general basis 
on which the reference file will be assembled for use by the reconnaissance ana- 
lyst. The Air Intelligence Officer will also be requesting mission material, 
Order of Battle listings, ECM flimsies, Order of Battle plots, photographs, maps, 
charts, and other pertinent information will go into individual folders for air- 
crews. The material will corne through requests processed by the Central Data 
Recall Processor in the Data Storage and Retrieval Center. 

In this section of the discussion of the data flow through the ground han- 
dling equipment we hâve described generally, the procedures which are possible 
in handling material of this kind. The flow Unes which are on the System dia- 
gram will indicate more completely the routes of individual pièces of data and 
with the general background given by this narrative, a detailed analysis of the 
system diagram will hopefully be somewhat easier. The purpose of this document 
is to describe insofar as possible, the functions which attend the collection, 
interprétation, and display of the information recorded by reconnaissance air- 
craft using multisensors . 
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2. VISUAL RECONNAISSANCE 


The ability of a pilot or observer to perform visual reconnaissance is 
limited by speed in a high performance aircraft* particularly at low altitudes. 
With increasing altitude the ability of a human to résolve needed target infor- 
mation is limited by distance; however, no multisensor aircraft should be con- 
figured without allowing some manner of real time report for those targets on 
which visual reconnaissance can be performed. 

The pilots rôle in visual reconnaissance in a high performance aircraft is 
strictly limited by the complexity of aircraft operation. In a single place 
aircraft the pilot will be almost exclusively occupied with problems of opera- 
tion, navigation and survival. The addition of an observer to a reconnaissance 
crew greatly enhances the ability to perform visual reconnaissance. Under nor- 
mal circums tances the observer is not totally occupied with other tasks, and can 
perform visual reconnaissance at low levels. This is an extremely difficult 
thing to do because of the rapid movement of the terrain with reference to the 
aircraft. Any visual observations which will be meaningful would hâve to be 
made in the forward direction since the motion component in that direction is 
minimized. The value of any observations to the side would be doubtful. With 
increasing altitude the observer would hâve the ability to look more to the side 
and perhaps provide valuable information on fleeting targets. 


2.1 REAL TIME RECORDS (Fig. 2-1) 

A System should be provided so that the observer or the pilot will be able 
to relay in real time their reports on objects sighted which may be of interest 
to the analyst. This report could be in clear text, voice radio transmission, 
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or they could use a digital relay System to transmit the information over a 
similar data link for priority analysis, where the observation could be analyzed 
in the context of other new data. Analysis of the information by the observer 
or pilot is not wise due to the lack of corroborating information and adéquate 
time under most circumstances. In any case, the priority analyst at the data 
réduction center will be in a better position to use the real time report and 
take action upon it. 
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3. PHOTOGRAPHIC SENSOR SYSTEMS 


3.1 INTRODUCTION 

Normally, the aerial photograph will be considered the primary record 
against which comparisons of the other sensors will be made. One of the major 
reasons for using the photograph as the prime record is the ability of the in- 
terpréter to relate recognized photographie detail with what he knows in fact 
to exist. It is possible that in the future some record such as the infrared, 
might become the prime record, This is not likely until the interpréter is at 
home with the infrared record and is able to relate it to his own background 
knowledge and expérience. Figure 3-1 is a block diagram of a typical airborne 
photographie sensor System. 

In considering the photographie processes for gathering reconnaissance data, 
there are several sensor combinations of interest which may provide enough addi- 
tional information to the analyst to be useful. No attempt is being made to dé- 
termine whether or not the following Systems are providing redundant data, and 
no considération is being given to the availability of space, weight, and power 
in these general philosophical discussions. By and large, the usefulness of the 
black and white image to the reconnaissance analyst cornes because of his long 
familiarity with colored objects as seen in black and white. It is nearly im- 
possible for the analyst to détermine what color exists in an object from a 
black and white photograph. He has only his unders tanding of tone and the nor- 
mal représentation of color as seen in black and white, There is no doubt that 
if real color could be attained with the same resolution and at no additional 
complication in the System, the analyst might conceivably benefit by having 
color photography available. The normal sensor Systems used in gathering photo- 
graphie images are not limited to black and white. They can easily accept color 
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images and expose color film. Quite frequently the atmosphère which intervenes 
between the scene and the caméra absorbs some of the wavelengths so that exces- 
sively blue/green scenes are produced. This causes lack of true color, lower 
resolution, and makes interprétation more difficult for the analyst. For this 
and other reasons, color photography has not been used widely in reconnaissance. 
Other major reasons include lack of exposure latitude and processing difficulty. 
Color film émulsions which are multilayered can be sensitized in spectral ranges 
other than the visual. In particular, a color film, including an infrared sen- 
sitized layer when processed, results in a striking visual color représentation 
of information in the infrared range. Film of this type is commonly called 
color camouflage détection film, and it produces an image which strikingly in- 
dicates areas of dead foliage or artificial material in a natural surrounding, 
thus making it extremely easy to identify camouflage areas. Camouflage détec- 
tion film of ail color materials is the most useful to the reconnaissance 
analyst. 

Color images can be formed using only two spectral bands rather than the 
three conventionally used in normal color films. One potential System utilizing 
this method takes two or more simultaneous black and white photographs through 
properly selected spectral filters. The recombination, after processing, with 
properly selected color projections provide a reconstituted color photograph 
which is probably superior in resolution, color balance and ease of processing 
to tripock color film. It is equally possible to take photographs in the spec- 
tral bands including the near visual infrared, and on reconstitution, providing 
either real color or camouflage détection color représentations in which items 
of interest are strikingly indicated. It would be possible by mounting and 
simultaneously exposing images in three simple frame caméras to provide a record 
group which can form a reconstituted color photograph and/or stéréo of the same 
scene. This requires tripulation in ail operations and the attendant problems 
of processing storage, recovery, and correlating the images and properly align- 
ing them for reproduction and/or viewing. However, it should be noted that the 
very commonly used Technicolor System for motion pictures is precisely this Sys- 
tem, that is, color séparation négatives are taken on high resolution black and 
white film, separately processed and then super imposed after processing with the 
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insertion of proper dyes in black and white image. It should be indicated that 
a great deal of information may be extrac ted from the sensor System by using re- 
dundant photographs and spectral filtering. This information may be useful only 
for detailed examination and interprétation of a particular area, but it is 
possible to use it for quick look reconnaissance in the camouflage détection 
mode. No effort has been made in discussing the photographie process to include 
ail of the permutations which are inhérent in a raultispectral type of photogra- 
phy. They are simply recorded here for their interest and the philosophical 
contemplation of their benefits. 

3.1.1 Caméras 

There are a great number of aerial caméras which are used currently in pho- 
tographie reconnaissance. They fall into three basic configurations. First is 
the frame caméra, which takes a record similar to a conventional photograph, 
one frame at a time. Second is the strip caméra, which takes a continuous 
photograph without stopping for frame movement. A typical strip caméra will 
take a frame which nay be many feet long. The third major type of caméra is 
the panoramic caméra which takes a narrow strip running from horizon to horizon 
and perpendicular to aircraft track. Figure 3-2 illustrâtes the typical ground 
coverage obtained from the three types of caméras. 

3.1.2 Frame Caméra 

The conventional frame caméra utilizes a stationary film with a shutter in- 
serted between the film and the lens which provides a high resolution image in 
the focal plane. Aerial caméras hâve added a feature to the normal frame caméra, 
in that they normally hâve provision for moving the film during the exposure to 
compensate for aircraft movement with respect to a stationary target. The 
frame caméra is used in several positions in the aircraft to provide varying 
information. Without referring to the focal length of the lens which varies, 
depending on altitude and required ground resolution, it can be said that the 
frame caméra is used in the following modes. First, the vertical, in which a 
photograph is taken pointing directly downward to nadir of the aircraft. Second, 
the split vertical in which two caméras are pointed vertically downward but 
slightly to the side so that the view overlaps along the center line providing 

... SPECIAL HANDLING 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 



Approved For Release 2009/12/10 : CIA-RDP67600657R000300200001-5 


SPECIAL HANDLING 




(a) Frame Caméra 



(b) Strip Caméra 



(c) Panoramic Caméra 

Fig. 3-2 — Typical ground coverage. 
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a degree of stéréo and wider ground coverage. Third, the forward oblique posi- 
tion, in which the frame caméra would take photographs of the terrain ahead of 
the aircraft, with its optical axis point ing forward and somewhat below the 
horizon, This view is particularly useful from the point of view of adding 
perspective and penetrating eoncealed areas. The frame caméra is also used in 
a position pointing to the side of the aircraft to give side oblique coverage. 
The side oblique photograph is used particularly in combination with the verti- 
cal to provide horizon to horizon coverage. Spécial use of this side oblique 
is in beach or road running and similar maneuvers where the perspective view is 
useful to the interpréter. The combination of the two side oblique caméras and 
the vertical are quite frequently referred to as the tri-camera or fan caméra 
array. By making a mosaic of the right and left side obliques and the vertical, 
the final laid out photograph covers much the same territory as is obtained with 
a single frame from a panoramic caméra. The frame caméra can also produce 
stéréo views by allowing more than 50 percent overlap along the flight path. 

3.1.3 Strip Caméra 

The strip caméra is a modification of the frame caméra which has a similar 
lens, shutter, and film format configuration. The major différence is that 
rather than a shutter, the strip caméra has a narrow sût. The exposure is made 
by moving the film past the slit which coïncides with the optical axis, and at a 
speed which is équivalent to the image motion produced by the moving aircraft. 
The strip caméra is used on low level missions, especially where a continuons 
record of the scene below is desired, or where the problems of film movement and 
shutter cycling are excessive. The strip caméra generates, on a film, a con- 
tinuous image of the landscape passing below the aircraft. It is primarily used 
in a stabilized vertical position because of the complications which arise when 
the format is tilted with relation to the ground below. These complications 
corne from the différence in image motion speed from one edge of the format to 
the other. Similar ly, the strip caméra is difficult to use in the oblique posi- 
tion because of the continuous change in image motion across the format. It is 
not possible to provide stéréo photography with a strip caméra unies s two rec- 
ords are made at varying forward and aft angles of view. The problem of ground 
coverage with a strip caméra can sometimes be dealt with by using wide angle 
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short focal length lenses, which are able to photograph areas with up to 120 
degrees scan angle. It is possible to conceive of a caméra with a compound 
shutter which is able to operate both in a frame and strip mode. This could 
be accomplished by using the strip caméra film movement to provide image motion 
compensation in the frame mode. 

3.1.4 Panoramic Caméras 

The third major category of photographie equipment for aerial use is the 
panoramic caméra. In this caméra, the lens film System is mounted so that a 
long photographie format is taken perpendicular to the line of flight. With 
appropriate design, cross- track coverage can be from horizon to horizon. The 
lens is generally rotated around its nodal point, and a curved film surface 
is provided so that the image is painted across the stationary film during 
exposure. There are modifications of this System but basically synchronous 
motion must be provided between the lens and the film in order to sweep the 
picture. This caméra can be used to provide stéréo coverage by overlapping 
succeeding images along the flight path by at least 50 percent. 

The panoramic photograph is distorted because of the différence in scale 
from the edge to the center of the format. For exacting exploitation, rectifi- 
cation of this image is required. A panoramic caméra design is currently avail- 
able which maintains a constant scale across a format by varying the focal length 
as the scan angle is changed. A System such as this provides a high resolution 
wide angle picture. There is no commonality of format or géométrie distortion 
between a panoramic caméra and frame or strip caméras in their opérât ional 
modes. 

3.1.5 Miscellaneous Caméra Systems 

A family of electronically amplified low light level caméras are currently 
in development. These caméras are reported to operate at light levels approach- 
ing 1 to 5 foot lamberts. Much work is in progress on this problem, and results 
show some promise, in that the very low resolutions are being achieved. 

Laser caméras (laser radar) are presently in active development. Limita- 
tions in available laser émission energy restrict prototype operation to around 
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1000 feet of absolute altitude. Image resolution being aehieved is extreme ly 
coarse. 

In tracing the processing of target radiation patterns through the photo- 
graphie system of a reconnaissance operation, it should be noted that any of the 
photographie sensors will produce a record consisting of dif ferentially exposed 
silver halides in a gelatin émulsion eoated on a transparent polyester or acetate 
base, The exposed film record is of great interest to the reconnaissance analyst, 
and it is this record which he will eventually hâve to deal with in one form or 
another. The latent image on the exposed émulsion must be protected from stray- 
light and stored in some convenient manner. The exposed film record will be al- 
most always contained on a takeup spool, and found in either a magazine which 
contains both the supply and takeup or in a separate takeup magazine. Most 
caméras in addition to the exposed image contain other pertinent information 
required for intelligence analysis or graphie réduction. For this purpose the 
data block which contains information on géographie location, height, velocity, 
compass heading, and a number of other useful statistics is recorded at an 
appropriate location of the film, depending on format. These caméras may impose 
on the film margin, or some other appropriate location, raarkings identifying 
thresholded or key information generated by other Systems in the aircraft. It 
is possible for example, to impose an identifying key which is digitally coded 
to indicate when the side looking radar has detected a moving target, when an 
infrared hot spot has been located, or when an ELINT emitter has been identified 
and located, À device similar to that used for imposing the data block could 
easily record a digital word of eighteen or twenty bits which would identify the 
key information for the interpréter during his analysis. 

3.1,6 Inflight Processing 

The next step in tracing the radiation pattern through the photographie 
system involves processing the latent image. One alternative is to inflight 
process the matériel so that a finished permanent image is available as soon as 
the aircraft returns from its mission. There are a number of methods for in- 
flight processing. They involve such techniques as web processing monobaths 
saturated in a sponge like base and simply sandwiched with the film on a storage 
spool. Another is an inflight processing system. This Involves conventional 
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three step developing, stop, fix and wash, which can be accelerated by Chemical 
and température manipulations. The third possible method involves using a base 
material saturated in a monobath processing solution which when wrapped with the 
négative film will form a positive image by diffusion transfer during processing 
of the négative. Utilizing this method, a positive and a négative record would 
be available on aircraft recovery. 

At this point, assuming that inflight processing has been done, it is 
possible to convert the visual image to electronic signais and relay the image 
in real time to a receiving/printout station where analysis could be done on 
the reconstituted record. There are time data limitations which dictate rather 
a low level of transmitted information because of transduction and transmission 
bandwidth problems. Image transmission can be incorporated with the processing 
unit. These data link readouts are limited in their ability to transmit much 
greater than 20 lines per millimeter from the original négative. The rate at 
which they can transmit this information is also limited by the available band- 
width on the data link. 

3.1.7 Record Storage 

Regardless of the origin of the record and whether it is processed raw or 
has been passed over the data link or not, the storage requirement still exists. 
In the case of exposed and unprocessed film, the normal storage on the takeup 
spool in the magazine is sufficient. In those cases where processing or readout 
has been done, some auxiliary storage System must be provided which will main- 
tain moisture and température, and provide easy access when the aircraft returns 
from its mission. Where processing has been done, a separate takeup will be re- 
quired for the processed négative and one for the positive if it has been pro- 
duced . 

The next step in following the System through, involves the recovery of the 
record from the aircraft. This will normally be done manually and no spécial 
analysis of this portion of the procedure should be required. 
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3.1.8 Fhotography in the Near Visual Range 

There is considérable information which is to be gained from photography 
especially adapted to the spectrum range which is close to the visual. A 
spécial photograph in the ultraviolet or infrared range may provide interesting 
information to the reconnaissance analyse. Of particular interest in the tac- 
tical System is the use of a near visual infrared capability inhérent in some 
photographie émulsions. Àny of the sensors mentioned in the photographie sec- 
tion, that is, frame caméras, strip caméras, or panoramic caméras, can be used 
because the near visual Systems require only that the proper émulsion be used in 
recording the images. Infrared films can detect activity, camouflage, and other 
interrelations when compared with the visual photographs, Considérable interest 
has been shown in shallow water obstruction analysis by using infrared photo- 
graphs in conjunction with visual range photographs. A color photograph, sim- 
ilar to the color camouflage détection films can be obtained by taking the same 
target in the visual range and in the infrared range and display ing them using 
color contrast projection Systems. 

3.1.9 Exposed Film Records 

The record from the near visual photographie Systems will once again expose 
latent images in the émulsion of the aerial film. The caméras should impose on 
these record data blocks containing the géographie location and other pertinent 
information about the particular exposure parameters. The ability to impose on 
the margins of these filins a record for keys or other System operations is 
similar to that for the normal photographie Systems. 

Near visual photographie records are just as easily processed inflight as 
normal émulsions, and the same alternatives exist in that they may be processed 
by a web material, by a conventional three solution System, or they may be proc- 
essed to give a négative and a positive, The positive or the négative could be 
read out over a data link System involving a line scan or a flying spot scanner 
exact ly as is done with the visual photographie mater ials. 
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4. HIGH RESOLUTION S IDE LOOKING RADAR SENSOR SYSTEMS 


Unlike photography and infrared, radar is essentially an ail weather sensor. 
The ability of radar to penetrate clouds is a function of the wavelength em- 
ployed. Radar used for weather surveillance uses short wavelengths (K-band) 
which will not penetrate dense clouds. Reconnaissance radar uses longer wave- 
lengths, usually X-band, so that weather is penetrated. 

Radar is an active sensor. Unlike photography and thermal Systems which 
collect respectively reflected and emitted energy, a radar System directs energy 
to the ground and processes the reflected signais, so that a map-like représen- 
tation can be preseited. Therefore, the target radiation patterns which hâve 
been discussed for the passive imaging Systems are not of concern here. Instead, 
the characteristic radar reflective cross-section is the radiation pattern which 
will be analyzed. 

In conventional radar Systems, resolution is achieved by radiating a beam 
sufficiently narrow so that the width of the beam at the desired range gives the 
required resolution. Similarly, a conventional radar' s range resolution is 
achieved by radiating a puise whose width corresponds to the desired range res- 
olution. The resuit of these conventional techniques is a radar whose range 
resolution is essentially independent of range, but whose ground resolution 
deteriorates with range since a constant angular resolution is achieved. In 
many instances, a short puise technique is adéquate for the achievement of use- 
ful range resolutions. However, in many cases the linear azimuth resolution 
desired cannot be achieved with practical parameter values ( antenna size) . 

4.1 SYNTHETIC RADAR ARRAY 

For airborne mapping applications, the length of the antenna which can be 
carried in an aircraft is limited. For this reason, a means to achieve fine 
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resolution without the necessity for long physical antennas were sought. The 
synthetic antenna technique has been successfully used as a solution to this 
problem. This technique uses linear motion of a signif icantly stnaller antenna, 
together with signal analysis operations to generate a synthetically long 
antenna. Analysis of the operation involved shows that a linear azimuth resolu- 
tion can be achieved whieh is independent of range and frequency, and which 
dépends only upon the aperture of the physical antenna used. 

The reasoning leading to a synthetic antenna is essentially as follows. In 
a linear array the beamwidth of the array factor is inversely proportional to 
the length of the linear array, so that one achieves narrower array factors by 
using longer arrays. In a physical linear array, each of the éléments of the 
array exists physically, and each element transmits and receives signais simul- 
taneously. Signais from the radiating members of the array are combined, so 
that appropriate vector summation of signais gives the radiated beam pattern 
associated with the array. 

In the synthetic antenna case, however, only a single radiating element is 
used. This element is moved so that it occupies in turn each of the positions 
of the linear array. Àt each of these positions a signal is transmitted and the 
radar echoes are received. The received signais are put into storage and subsé- 
quent processing of this data is used to combine these signais in a manner 
appropriate to synthesize a long aperture antenna. To do this, the operations 
must preserve the essential vector character of the signais, so that a cohérent 
radar System preserving both phase and amplitude is required. In the case of 
synthetic antennas, array lengths of thousands of feet are possible. These 
antenna lengths are achieved by translating a small antenna to form a synthetic 
array. 

The notion of a synthetic antenna beam first received attention prior to 
1953. Since 1953, however, much more intensive activity has been devoted to 
synthetic antennas. Many Systems hâve been built and flight tested since that 
time, and flight test results of successful Systems are available. 

It is évident that since the radar signais are put in storage for forming a 
synthetic array, there are some degrees of freedom available in the case of a 
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real physical linear antenna. For example, one can generate a synthetic antenna 
which is focused at ail ranges. An expression for the resolution achievable in 
the focused case is given in Eq. ( 1) below, 

t - M 
L eff 2D 

where is the effective synthetic array, antenna length required for a given 

resolution, À is the radar wavelength, R is the range to the target, and D is 
the -4 db resolution of the synthetic array. 

The radar system spécifications for tactical reconnaissance and surveil- 
lance, especially the range and resolution requirements , coupled with typical 
restreints of weight, volume and reliability duplicate a radar of essentially 
high performance which can only be achieved by means of synthetic aperture, 
focused, cohérent, side looking radar. The requirements for coherency and sig- 
nal processing required for the synthetic array fine resolution mapping also 
make this type of radar valuable for moving target indication (MTl). There can 
be a choice of these functions or fine resolution mapping and MTI can be per- 
formed simultaneously . Operation in the MTI mode can be performed with the 
radar beam "squinted" 45 degrees forward so as to provide alerting for the map- 
ping radar function and the other sensors. 

There are three modes of operation which can be considered for the mapping 
function for such a radar: 

Mode 1 The radar signal is recorded by an airborne recorder. The re- 
cording is delivered upon landing on the carrier to a data processor unit where 
the radar images will be produced. 

Mode 2 The radar signais may, instead of or in addition to the above, be 
transmitted in real time via a line of sight wideband telemeter link to the 
processor unit on the carrier. 

Mode 3 The radar signal will be recorded as in Mode 1, but radar images 
will then be produced immediately by an airborne processor and displayed to the 
aircraft crew for the monitoring of radar operation output, for limited data 
interprétation, or sélective graphie transmission. 
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The technical characteristics of the radar can be broken down into the 
following categories: data output, resolution and contraBt, ambiguities, area 
coverage, vehicle fllght path, vehicle altitude, measurement of alrcraft motions 
for radar signal correction, antennes, squint angle, test equipment, weight, 
volume, and power requirements . 

The Bynthetic array radar can yield two distinct types of signal output, 
namely ground radar iraagery, and moving target indication (MTI). These two 
types of output can be processed simultaneously, or can be separate modes of 
operation. The advantage of simultaneous processing is that the location of 
moving targets can be directly superitnposed upon the radar imagery. The advan- 
tage of different modes of operation is that the radar parameters such as PRF, 
range resolution and range coverage can be optimized for each type of output. 

In order to make the signal flow description illustrated in Fig. 4-1 more under- 
standable, only simultaneous operation will be assumed. The alterations in 
signal flow for operation in the other two modes is obvious and simple. 

For many interesting ground targets, the closing rates are low enough so 
that the target doppler shift does not separate the target radar return from the 
ground clutter spectrum. Processing the returned signal for these slow moving 
targets nécessitâtes employlnt monopulse or displaced antenna phase center tech- 
niques. The effect on the signal processing is that there are two distinct sig- 
nais at the output of the SLR (5.1) - (Numbers refer to the numbers of the boxes 
in Fig. 4-2.) However, by inserting an appropriate delay in the MTI signal 
data, these two signais can be time multiplexed so that only one output "wire" 
is required. 

The electronic signal (5.2) at the output of the SLR therefore is a time 
multiplexed signal as shown in Fig. 4-2, consisting of the right side (right 
side or left side refera to the side of the aircraft on which the ground being 
observed is located) radar imagery signal, the right side WTI signal, the left 
side radar imagery signal and the left side IfTI signal. This sequence is re- 
peated at the PRF rate. If only one section of the data is required it is 
easily separated by electronic gating. 

There are three categories of signal flow and display to be discussed', 
these are, 1) permanent record recording and physical recovery of record after 
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Fig. 4-1 — Functional éléments for radar System. 
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aircraft landing; 2) data link transmission; and 3) short time signal processing 
for aircraft operator display or automatic target indication. 

The essential functional éléments for the radar System are identified in 
Fig. 4-3. Microwave energy is generated in the transmitter, passed through the 
duplexer, and radiated from the antenna toward the selected target area. The 
returning scattered radiation is passed through the duplexer to the receiver, 
and then to the recorder or telemeter link subsystem. A signal processor is 
provided, either as carrier based equipment or as airborne equipment to convert 
the recorded signais into a focused map image. Inertial motion measuring in- 
strumentation is provided to correct the radar data for irregularities in the 
motion of the aircraft. Inertial equipment will also provide appropriate inputs 
for scaling, orienting, and restituting the map images. The antenna is stabil- 
ized by use of information from the inertial platform, so that the antenna beam 
will always point at the appropriate squint angle. 

In the sélection of the design parameters for the radar to satisfy given 
mission requirements , tradeoffs must be made along: 

1. The attainment of the superior resolution with adéquate détection sen- 
sitivity for the prescribed operating geometry. 

2. The necessity of having the equipment completed, tested, and operating 
reliably within the prescribed schedule. 

3. Intégration of the radar into the overall System and compatible with 
the other sensors. 

4. Minimum System cost. 

5. The most important of ail, providing timely information to be used as 
the basis for tactical decisions. 

4.1.1 Sample Parameters 

It is not possible to choose spécifie system parameters for a radar of a 
tactical reconnaissance aircraft without first defining the system requirements. 
However, various tactical reconnaissance fine resolution radar system designs 
hâve been considered, and the list of parameters given in Table 4-1 illustrate 
the principal features of such a radar. These parameters are based upon a 
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Table 4-1. Examples of SLR Parameters 
(AN/APQ-108 Dérivative) 


System 

Aircraft Velocity 
Altitude* 

Maximum Range* 

Range Interval Coverage* 

Design Resolution 

Transm itter 

Radiation Frequency** 

Average Power 
Peak Power 

Puise Expansion Ratio (variable) 

Puise Length (actual) 

Puise Length (effective) 

Basic PRF (pps) 

Antenna 

Physical Length 
Physical Height 

Receiver 

Bandwidth 
Noise Température 

Physical Characteristlcs Wlthout Antenna 

Estimated Volume (eu. ft.) 27 

Estimated Weight (lbs) 920 


Mach 2.2 

40,000 - 60,000 feet 

100 nautical miles 

10 nautical miles on side, 

20 nautical miles total 

8 feet 

X-band 
440 watts 
200 kw 
300 

3 seconds 

10 nanoseconds 

735 

75 inches 
17 inches 

100 megacycles 

1300°K Without Antenna 

With 6 nautical 

With Antenna mile Coverage 

50 17 

1000 620 


* High altitude mode. 

** For general mapping, low frequency option for foliage pénétration at short ranges. 
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design which is a dérivative of the AN/APQ-108 radar. This dérivative design is 
intended for use in a high performance aircraft. À program leading to produc- 
tion of this design is feasible with current technology. 

In many tactical reconnaissance applications, the total maximum ground 
coverage is set by the weight and volume that can be allotted to the recorders, 
and there is a choice between selecting wider coverage on one side of the air- 
craft at a time or a narrower coverage for both sides simultaneously. There is 
also a choice between full coverage at gross resolution or fine resolution over 
a narrow région. Three to four hundred pounds of weight can be saved in re- 
corders, if the coverage is liraited. 

4.1.2 Configuration Requirements 

For fine resolution radar in a tactical aircraft with coverage on both 
sides of the aircraft, two antennes mounted on opposite sides of the aircraft 
would be employed. Since the purpose of motion correction is to correct for 
the phase centers of these antennas, the inertial platform should be placed as 
nearly as possible between the antenne flexure and will simplify the calculation 
of the correction term. 

The output transmitter tubes and the input RF amplifier (a parametric or 
tunnel diode amplifier) should be placed as close as possible to the antennas, 
in order to rainimize transmission losses. The location of the remaining radar 
components is not critical, but the recorder and processor require an environ- 
ment with low températures and a minimum of vibration. 

4.2 ELECTRONIC SIGNAL AND SIGNAL PROCESSING 

The first of this category représenta the type of data handling employed 
for ail operational and most developmental synthetic array radar Systems at the 
présent time. The electronic signal is recorded on 70 mlllimeter or 5 inch 
photographie film by a cathode-ray tube line scan recorder, which is intensity 
modulated by the bipolar video signal. Space is left on the film for timing 
marks, a data block, and priority action flags which are recorded with a small 
auxiliary CRT. 
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The exposed film (5.3.1) can be taken up on a spool and left undeveloped in 
the record store (5.4) until removal on the carrier, or it can be developed by 
an inflight processing unit (5.3.2). In this latter case, the processed film is 
then placed in record storage. In either case, the raw signal data rather than 
the processed image map or MTI output data is stored. 

4.2.1 Focused Electronic Processor 

Theoretically , the processing of the cohérent radar return for a high res- 
olution radar could be performed by a purely passive electronic filter. However, 
because of the large time bandwidth products involved and the long intégration 
times, an intermediate storage medium is required. In optical processing, this 
medium can be supplied by photographie film. In electronic processing it may be 
supplied by delay lines, storage tubes, or other means. Thus far, electronic 
processing has proved less efficient than the cohérent optical processor in terms 
of the weight and power required for processing at a specified data rate (resolu- 
tion éléments/ second) . Further developments in storage media and électron beam 
technology, however, may make electronic processing very attractive in the 1967 
era. 

The cohérent video data from the radar is converted into modulation on the 
appropriate recording mechanism (for example, light or an électron beam). This 
data can be read out immediately (after an intégration time of data is recorded) 
or stored, to be processed later. The read transducer scans the recorded data 
along a constant range contour, and the doppler recording is converted into an 
electrical signal. Since the doppler frequency of a target is not constant but 
has a linear or possibly high order sloper, a focusing correction is made by 
mixing with a linear frequency sine wave or using a dispersive compressive net- 
work. The processing for different ranges and for different doppler historiés 
can be done sequent ially . 

A limitation on electronic processors which hâve been developed to date, is 
their inability to perform quadrature component processing thereby aggravating 
the ambiguity problem. A method of performing two-dimensional quadrature com- 
ponent processing for electronic processing by employing space modulation of 
either a readout électron beam or light beam has been developed. 
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Table 4-2llsts some of the possible combinations for an electronic processor. 
Electron beam recording is preferred, because it can be extended to bandwidths 
of hundreds of megacycles and fairly fine resolution. However, électron beam 
readout cannot be performed to the same resolution as a light beam readout, 
which thus makes the latter more désirable from this standpoint. Therefore, a 
combination of électron beam write on thermoplastic material and light readout 
using Schlieren optics, followed by a dispersive line intégration device appears 
to give the maximum performance within the state-of- the-art. 

4.2.2 Cohérent Optical Processor 

High resolution radar Systems require the recording of data for a sufficient 
length of time to generate a synthetic antenna which, in turn, is processed to 
produce the high resolution strip map. Because of the widespread use of optical 
processors to convert the high resolution data into a strip map, it has been 
customary to employ normal photographie film in both the signal recorder and the 
output processor. Unfortunately , photographie film requires a finite develop- 
ment time, as well as the use of Chemicals which are sometimes not acceptable 
in certain applications. It is therefore désirable in the advanced development 
of high resolution radar to develop a recording System which provides rapid 
access to the data for processing with as short a time delay as feasible. This 
section, therefore, discusses some of the methods that hâve been proposed to 
accomplish a greater speed in the processing of high resolution radar data. 

The state-of- the- art for presently available recording-processor Systems 
consists primarily of a cathode-ray tube, which couverts the electrical signais 
into intensity variations on the phosphor which are imaged or contact printed 
onto a photographie film, The photographie film is then developed, either 
immediately or returned to a ground base which also includes the data processor. 
For high data rate Systems, an automatic developing machine is usually included 
returning the signal film to the processor for processing in a time which dépends 
essentially upon the length of film recorded. The nearest thing to a real time 
system is when the development takes place immediately upon production of the 
signal film. This development would take place in a rapid film processor, and 
could be done in less than ten seconds with présent technology. This also 
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involves the use of various Chemicals which must be stored and handled approp- 
riately for various missions. The supply of Chemicals also must be replenished 
periodically . 

A second category of signal utilization involves data link transmission to 
relay signais to the carrier while the aircraft is in flight. Such transmission 
can involve either the raw signal data or the processed radar imagery and MTI 
output data. The choice dépends upon whether System tradeoffs permit the use of 
a short time signal processing unit (5.2.1) aboard the aircraft. In any case, 
the requirement for low altitude, long range missions rule out the exclusive use 
of real time data transmission, and requires a buffer storage in order to store 
the reconnaissance data until the geometry of the aircraft carrier is advanta- 
geous for transmission. The film recorder (5.3) and inflight processor (5.3.2) 
can serve the function of this buffer storage. The developed film, either raw 
data or imagery, can be read out for data transmission by the use of a flying 
spot scanner (either CRT, optical prism scan or line scan tube) and a photo- 
detector. The timing and data block information can be read out at the same 
time, to insure proper registry and interprétation of the transmitted data. 

4.2.3 Short Time Processing 

The third category consists of short time signal processing (5.2.1) and 
moving target indication (5.2,2) aboard the aircraft for operator display and 
automatic target indication. In general, inflight short time signal processing, 
with the présent State of the art, compromises resolution or range coverage when 
composed with that obtainable when recording raw data only. When delay times of 
10 to 60 seconds are acceptable, the short time signal processing unit can use 
the developed raw data records from the inflight processor (5.3.2) for the input 
signal. If shorter delay times of 0.1 to 10 seconds are required, then another 
storage medium other than film must be used. 

One type of signal processor unit which has been developed is one employing 
a two-gun electronic storage tube (see description in Volume IV). This type of 
processor can handle 400 to 600 range éléments per tube with présent day tube 
capability. For example, this would give approximately one mile range swath 
coverage with 15 feet resolution. Further developments with two-gun tape stor- 
age tubes may increase this capability by a factor of four. 
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The same type of processor can handle radar imagery and MTI signal data 
with minor variations in the output filtering units. Also, imagery and MTI 
signais can be handled simultaneously as long as the total number of range 
éléments required is kept below the capability of the storage tube. The radar 
imagery and/or MTI target indication data can be presented to the operator f s 
display for inflight interprétation or it can be recorded on film in the 
recorder (5.3) for record storage or data link relay after inflight processing. 
In addition, moving target indication data can be used for automatic target in- 
dication and location. It is also possible to indicate "large 11 radar cross- 
section targets with the signal processor (5.2.1) output. 

The description of the storage and processing methods for synthetic array 
radar given here assumes film recording and a storage tube processor for short 
time processing. This is for the purpose of avoiding digression into various 
choices of techniques which is discussed in Volume IV. This is not meant to 
preclude the choice of other techniques upon the details of time scale, re- 
quirements and weight and volume limitations. 

4.3 RECORD 

There are available a number of recording techniques which include magnetic 
tape, CRT writing on film, and direct électron beam writing on film, thermo- 
plastic, and electrostatic recording materials. A recording System utilizing 
electro-optical techniques can employ cathode-ray tubes with fiber optic face 
plates, which record on fine resolution photographie film. Présent capability 
of this type of recorder is about 3000 line pairs per 5-inch recording CRT 
which is équivalent to about 15 feet range resolution over a range interval of 
7.5 miles. Wider coverage can be obtained by using multiple recorders although 
further development of recording techniques will also improve the coverage of 
each recorder. 

After processing, the map is normally in the form of a photographie trans- 
parency which must be developed. However, this is not quite as crucial since 
the output can be read from a vidicon tube, for immédiate analysis. Excluding 
for the moment the development of the film, the cathode-ray tube and film 
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combination hâve already been highly developed. However, there are two factors 
which essentially limit their performance; 1) the amount of energy required to 
expose very high resolution film is simply not available from the phosphors that 
are now produced. In order to increase the resolution it is necessary to in- 
crease the amount of energy due to the reduced sensitivity of high resolution 
émulsions’, 2) it is also extremely difficult to increase the resolution at the 
cathode-ray tube retaining the same amount of energy. Systems at the moment 
utilize approximately 50 Unes per millimeter on the photographie film which is 
also about the limit for the tube face. In order to use a higher resolution 
film it would be necessary to increase the energy and decrease the spot size 
greater than is presently available. The limitation to approximately 50 Unes 
per millimeter also requires bulky Systems in some instances where large range 
intervals are to be recorded. 

A number of new methods hâve been proposed to overcorae the difficulties of 
the cathode-ray tube, photographie émulsion interface as discussed in the pre- 
vious section. These may be briefly tabulated in the following manner: 

1. Direct électron beam recording on a material which is then processed. 

2. Recording by a cathode-ray tube on a photosensitive material which is 
very rapidly developed by heat or some other means. 

3. Recording with a laser light beam, which is scanned and modulated onto 
a photosensitive material as in 2. 

4.4 TARGET RECOGNITION AND LOCATION 
4.4.1 Moving Target Indication 

Moving target indication covers many phases including the détection and 
récognition of moving targets and the détermination of coordinates, velocity, 
and direction. The presence of moving objects is an important due in the 
récognition of target complexes and in determining fluid military situations. 

It is, therefore, désirable to hâve real time airborne processlng for MTI so 
that it can serve an alerting function and can aid in selecting sensors for 
limited spot coverage. One can visualize an "idéal" MTI processor for use with 
a high resolution map display which would superimpose upon the display arrows 
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iadicating the magnitude and direction of the target velocity vector at the 
correct position. An MTI processor design should corne as close to this idéal 
as possible, with the input data available. 

There is a conflict in the optimization of radar parameters for the détec- 
tion and resolution of both fixed and moving targets. MTI considérations alone 
would dictate a forward looking radar to minimize doppler spread of the ground 
return and thus would maximize the number of targets in the clear région. On 
the other hand, in order to minimize the intégration time required for a given 
resolution for fixed targets, a side looking radar would be used. However, by 
making use of the displaced phase center technique, it is possible to adequately 
cancel the clutter, even for a side looking radar and still detect moving tar- 
gets with velocities much smaller than the maximum velocity spread over the real 
beam. This MTI technique is compatible with the simultaneous génération of a 
high resolution map, and the high resolution feature greatly reduces the area 
of ground clutter with which the moving target competes. It is expected that 
this type of MTI will be thoroughly proven out by the post 1967 era. 

The techniques used for an MTI processor are practically identical to those 
used for the high resolution radar map processor. In fact, it is entirely 
feasible to design a processor which is compatible with both of these functions. 
However, it may prove désirable to hâve an electronic processor for the MTI 
function alone. This electronic processor can be used as a relati.vely gross 
resolution airborne monitor of the radar mapping performance and can be used 
for MTI. In this second mode, MTI alerting signais can be generated with 
azimuth and range position data so that the area of interest can be mapped (by 
the radar and other sensors) with fine resolution. 

For example, the parameters for an alerting MTI radar System can be: 

Squint angle = 45° 

Range resolution = 100 ft 

Azimuth resolution of clutter path * 100 ft 
Range measurement accuracy = 100 ft 

The azimuth placement accuracy of a moving target dépends upon the radial veloc- 
ity uncertainty, which for vehicles averages around 30 fps and for men 3 fps. 
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That is: 


a e = 


A v 

V cos xy 


where 


a e 

A V 
V 

y 

for A y 
A e 

and A A g 


angular uncertainty 
velocity uncertainty 
velocity of aircraft 
squint angle 
30 fps and x ■ 45° 

0.014 radians for V » 3000 fps 
0.035 radians for V * 1200 fps 


The maximum angular uncertainty, however, will never be larger than the 
beamwidth of the physical antenna and, by complex data processing can be held 
to a tenth of this beamwidth even for large velocity uncertainties . 


The alerting time, defined, as the time between MTI détection and the 
Crossing of the target in the broadside direction is given by: 


t 

a 


R 

cos 


y 


V 


(3) 


For R « 50 n. miles, y * 45° 

V = 3000 fps, t = 143 seconds 

The limit on clutter cancellation ratio for the displaced phase center 
technique is set by equipment limitât ions and, based upon the perforance of 
présent cancellation techniques, is estimated to be approximately -30 db. 
Unfortunately , part of the return for slow moving targets is also cancelled, 
as is shown for illustrative parameters in Fig. 4-4. There is considérable 
internai motion of the ground clutter (for example, wind blown foliage) the 


SPECIAL HANDLING 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 



Décibels 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 




SPECIAL H ANDLING 



Fig, 4-4 Signal cancellation for slow moving targets. 
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clutter cancellation ratio is considerably worse than -30 db. What these num- 
bers mean in terms of actual détection of moving targets is illustrated in 
Table 4-3. Obtaining fine resolution can be, in itself, an efficient clutter 
discrimination tool since the target of interest has only to compete with a 
very small area of ground. Typical vehicles hâve cross-sections which are 
greater than a 25 by 25 foot area of average terrain, and that this ratio is 
increased an order of magnitude by MT1 techniques even with 1 knot internai 
motion. Détection of moving men, on the other hand, is not possible under ail 
conditions when there is internai motion of the ground clutter. Calculations 
indicate that displaced phase center KTI, in conjunction with a high resolution 
of 10 to 20 feet, could possibly detect moving men from a tactical reconnais- 
sance aircraft under many conditions. It is reasonable to expect the develop- 
ment and testing of techniques to do this by the post 1967 period. 

4.1.2 Pattern Récognition 

There are several techniques for airborne data filtering which can be 
grouped under the title of pattern récognition. These techniques involve the 
corrélation of data, the sélection of data and various semiautomatic manual 
assist features. In the post 1967 era, it is expected, as the basic sensor 
equipment will become more reliable» lightweight and more versatile, and that a 
larger percentage of the Systems will involve these techniques. A prime func- 
tion is the sélection of priority data for immédiate transmission and utiliza- 
tion. Also, if a reconnaissance strike mission is to be performed these 
techniques are essential. 

4.1.3 Long Term Change Détection 

Here we refer to a system configuration which allows one to compare two 
maps, made with independent aircraft flights, and detect any changes in the 
imaging. The changes can be detected automatically or by visual interprétation 
aided by data processing. 
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Table 4-3. Target Radar Cross-Sections 





Effective 




Cross-Section 


Actual Radar 

Typical Radial 

After Clutter 


Cross-Section 

Velocity Due 

Cancellation 


(sq. ft.) 

to Own Motion 

(sq. ft.) 

Vehicle 

10-1000 

15 kts 

10-1000 

Man 

1-10 (est.) 

2 kts 

0.35-3.5 

Grass 100 by 100 ft 

20* 


0.02-2 

25 by 25 ft 

1.25* 

0-1 kt** 

0.001-0.12 

Average 100 by 100 ft 

100* 


0.1-10 

Terrain 25 by 25 ft 

6.25* 

0-1 kt** 

0.006-0.62 


MTI Parameters 

Aircraft Velocity ■ 1200 kts 
Radar Wavelength = 0.1 ft (X-band) 

Displaced Phase Center Clutter Cancellation 
Distance Between Phase Centers = 6 ft 
Maximum Cancellation (Equipment Limitations) 
- -30 db 

Combination of MTI with High Resolution 
Discrimination 


* 6 8 Grazing Angle r\ = -17 db Grass 

rj = -10 db Average Terrain 

** The 1 kt velocity is for internai motion due to movement induced 
by wind. 
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4.1.4 Automatic Signature Récognition 

With the présent State- of-the- art, image interprétation is largely a manual 
process, assisted by optlcal viewing aids and automatic measuratlon equipment. 

As the state-of-the-art improves, we may expect more highly automatic aids for 
image interprétation. 

4.1.5 Cross-Section Threshold Indicator 

It is feasible to use a cross-section (power return) threshold indicator 
in conjunction with either the ground mapping or the moving target function of 
a fine resolution synthetic-array radar. This indicator would serve as an 
alerting device. Since normal ground return exhibits a large fluctuation of 
returning power, the false al arm rate would probably be large unless the infor- 
mation obtained by the device was coupled with other indicators such as corres- 
pondance to an IR output. 

4.1.6 Foliage Pénétration 

Long wavelength radar is required to "see" targets beneath foliage. 
Measurement programs are currently being conducted to détermine the optimal 
radar frequency and target detectability using various frequencies. The 
incorporation of long terni change détection with foliage pénétration, provides 
a powerful tool for the détection and récognition of tactical targets "hidden" 
from optlcal or high microwave frequencies. 

The optimal wavelength for foliage pénétration, on the other hand, is not 
the optimal or even a good frequency for normal high définition terrain mapping 
or MTI operation. Therefore, a multifrequency radar should be considered, and 
the tradeoffs between complexity and increased operational usefulness determined. 

4.1.7 Data Formats 

The high resolution SLR can be used to yield the following types of signais 
or recorded data: 

1. Priority action flags via data link. 

2. Raw radar signais of radar imagery via data link. 
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3. Raw radar signais of MTI via data link. 

4. Correlated radar signais of radar imagery via data link. 

5. Correlated radar signais of MTI via data link. 

6. Raw radar signal film records of radar imagery via recovery from 
aircraft (processed or unprocessed) . 

7. Raw radar signal film records of MTI via recovery from aircraft 
(processed or unprocessed). 

8. Correlated radar signal film records of radar imagery via recovery 
from aircraft (processed or unprocessed). 

9. Correlated radar signal film records of MTI via recovery from air- 
craft (processed or unprocessed). 

The above list includes ail the possibilities if film is used as the 
permanent storage medium. Of course, not ail these possibilities will be 
employed in any given System design, and the choice is made during a System 
optimization procedure. 

4.1.8 Priority Information 

The priority action flag information which is relayed by data link con- 
sists of moving target indication location information and perhaps "large" 
cross-section target indication and location.' This information is used to 
help in the sélection of priority data for immédiate transfer to the Priority 
Analysis Center. The reconnaissance analyst in the Data Display Interprétation 
Center can also use the location information to restrict the area of search on 
sensor imagery. 

4.1.9 Data Link Transmission 

The signais transmitted by aircraft data link are received at the carrier 
and separated into radar, synchronization, and data block signais. The radar 
signais are recorded in proper format on film by a CRT line scan recorder. 

Radar imagery and MTI signais are handled the same and may be time multiplexed. 
The film record is then photo processed. 
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If the signalB were uncorrelated raw data, then the processed transparency 
ts used as lnput data to a cohérent optical correlator which performa the radar 
image or MTI filtering. The output signal of the correlator (in the form of a 
light image) is recorded on film. This output film is subsequently processed, 
and duplicates made for viewing by the reconnaissance analyst, and for other 
uses, and storage. 

If the signais were correlated on the aircraft, then this step of cohérent 
optical corrélation is omitted on the carrier. However, it is probable that raw 
(uncorrelated) signais will be transmitted via data link. 

4.1.10 Removal at the Carrier 

When signal films are physically recovered from the aircraft, the same 
procedure is used as above, with the omission of the data link and CRT recorder. 
For each case, correlated radar imagery and MTI film records are then available 
at the Data Routing Center for transmittal to the appropriate analysis center. 
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5. INFRARED SENSOR SYSTEMS 


5 . 1 INFRARED SENSOR 

Techniques for sensing infrared radiation reflected from objecta due to the 
thermal excitation of their molécules hâve advanced rapidly during the last 
decade. Figure 5-1 indicates the spectral régions commonly used for sensing 
infrared radiation and the detector materials often employed. Characteristics 
of objects of interest for tactical reconnaissance are presented in detail in 
Section 

A thermal image of a scene at normal earth températures may be formed with 
sensors operating in the 3.5 to 14 micron région of the spectrum. Objects at 
elevated températures may be sensed in the 2 to 5.5 micron région. 

The infrared sensitive materials may be conflgured in a variety of ways, 
ranging from a single element which is scanned over the scene optically, to a 
two-dimensional image tube containing tens of thousands of éléments. Any 
particular application must consider the geometry, the sensing time, the 
available infrared energy as a function of wavelength, and a method of data 
Processing and/or display. Infrared reconnaissance devices hâve usually been 
of the single element-optically scanned configuration. At the présent time, 
two-dimensional image tube devices are under development, but the presently 
attainable resolution and thermal sensitivity precludes their use for recon- 
naissance from hlgh performance aircraft. 

Optical scanners for use with single detector or multidetector arrays hâve 
been designed which provide équivalent capability to caméras normally used for 
photographie work. These are the frame caméra, in which images of a complété 
scene are produced sequentially with a relatively short time required to produce 
each frame; the panoramic caméra, which produces successive sweeps perpendicular 
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to the line of flight; and the strip caméra, which produces a continuons image 
of a strip along the line of flight. The choice of caméra type for any given 
mission will dépend upon the required resolution, data redundancy, target 
characteristics, and mission flight profile. In general, température resolution 
of the order of 0.25°C is required, and spatial resolution of approximately one 
foot is necessary for récognition of objects of interest for tactical reconnais- 
sance. Useful data however may be obtained with resolution as poor as 10 to 
20 feet. 

5.1.2 Electronic Signal 

The electronic signal which must be sensed dérivés from minute changes in 
the electronic structure of the infrared sensing element. The signal may be 
either generated directly as a voltage or current ( as in a photovoltaic detector) 
or as a change in résistance (as in a photoconductive detector). Additional 
methods of sensing the change of electronic State of the material hâve been 
devised, but are not generally useful in this application. 

The electrical signal, usually of the order of a few microvolts, is ampli- 
fied by a carefully designed preamplifier to raise the signal level to a suffi- 
ciently high value, so that additional Processing will introduce negligible 
noise. Usually a separate preamplifier is employed for each detector element; 
however, methods are being investigated to perform sequential switching at the 
microvolt level so that only one preamplifier is necessary for an array of detec- 
tor s. The choice of electronic amplifying technique also dépends to some extent 
upon the type of data processing to be employed. For automated decision making 
processes where the information to be processed occurs in two-dimensions, it is 
frequently désirable to maintain channel integrity. Thus, two-dimensional 
processing may be performed by simple summation of channels to provide one- 
dimension, and time intégration per channel to provide the second dimension. 

Technology developments for space applications has made available the 
capability to hâve many electronic channels packaged in a small volume requiring 
relatively small quantifies of power. In addition, logical decision making 
techniques hâve sufficiently advanced so that several megacycle logical process- 
ing is easily within the state-of-the-art. 
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5.1.3 Signal Processing 

Characteristics of targets upon which priority action should be taken may 
range from simple détection of a thermal gradient, to automated shape récogni- 
tion. Frame to frame corrélation could provide moving target indication and/or 
thermal variation data. Analysis of target characteristics indicate that al- 
most ail of the priority action objects involve thermal radiation well above 
the ambient background. Hence, simple threshold of a signal proportional to 
température will provide a useful priority action tag, Détection of a particular 
target may be enhanced by seleeting the elemental field of view to be roughly 
équivalent to the radiating area of the target. Hence radiation from smaller 
objects in the background will be averaged out and radiation from larger objects 
will not ail contribute simultaneously. 

The use of a separate electronics channel for each detector element lends 
itself easily to threshold processing. Each channel may be thresholded inde- 
pendently, or two-dimensional summation may be employed prior to thresholding. 

The presence of a threshold Crossing may be used to generate signais identifying 
the time, location and amplitude. This data may then be dis tribu ted to the 
other sensor records or transmitted directly to the user, 

5.1.4 Record ing Techniques 

The large amount of information generated per unit time by a two-dimensonal 
imaging sensor implies that very high density recording media must be used. 

Both analog magnetic tape and photographie film are attractive techniques. Other 
approaches such as thermoplastic tape or two dimensional magnetic domain storage 
may eventually provide greater storage density, but at the présent time their 
technology is not sufficiently developed. 

Storage of photographie film requires that a transducer be available which 
is capable of frequency response comparable to that of the sensor, Methods 
currently in use employ glow tubes with optical scanning or a cathode-ray tube 
display synchronized to the scanner, Neither of these methods are capable of 
making full use of the high storage density of the film. The glow tube tech- 
nique is limited to about one megacycle by the frequency response of the tube. 
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Cathode-ray tubes are limited by the number of resolution éléments which can be 
obtained linearly across the face of the tube; at the présent time this is of 
the order of two to three thousand éléments almost lndependent of the size of 
the tube. The time constant of the CRT phosphor is also a limiting factor. 

A method which appears promising but which has not been thoroughly explored 
is the use of an array of semi-conductor light sources (light emitting diodes) 
coupled with an optical scanner similar to that used in the infrared sensor. 

The frequency response per element is comparable to that of the sensor and array s 
of éléments of the order of 0.01 inch on a side hâve been fabricated. 

Once the photographie film has been exposed, it may be handled similarly to 
the film from the photographie sensor. Inflight processing may be employed if 
access time is important or if some intermediate processing or data transmission 
is required. 

Magnetic tape recording possesses an advantage for infrared sensor storage, 
in that the quantitative nature of the signal is maintained. However, the 
linear storage density of magnetic tape is not adéquate to record the output of 
the high resolution scanner at a reasonable tape velocity; hence, it is neces- 
sary to utilize the two-dimensional property of the tape. One technique which 
is particularly convenient for a multichannel infrared sensor is to assign a 
sensor channel, or a group of sensor channels, to one magnetic tape channel. 
Additional sensor channels are assigned to additional tape channels. In this 
way the linear storage density required per tape track is not excessive, and 
the signais from a scanner having a bandwidth of a few megacycles may be record- 
ed. An alternative technique which is conventionally used for recording tele- 
vison video signais is to mechanically scan the tape recording head in a direc- 
tion perpendicular to tape motion. Equipment is presently available having 
bandwidths of the order of 10 to 20 megacycles and bandwidths of the order of 
50 megacycles appear feasible. In addition to the video record additional tape 
tracks may be made available for recording information such as digital data 
block or keying data. 
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5.1.5 Record Storage 

Storage of the recorded data aboard the aircraft 1s usually incorporated 
into the recordlng or processing equipment. In the case of the photographie 
film, record storage occurs at the output of the electro optic transducer, or 
the inflight processor if one is employed. In the case of magnetic tape, 
storage is on the tape recorder takeup spool. In both cases the stored record 
is immediately available upon landing of the aircraft. 

5.1.6 Ground Data Processing 

Ground processing of the photographie film infrared record is essentially 
identical to the processing of the conventional photographie record. The film 
is unloaded from the aircraft, developed if required, and viewed on a projector. 

Data storage on magnetic tape may be used to reconstruet a video signal on 
a CRT display. Alternatively , the information may be fed into a computer and 
additional keying data generated. If quantitative information is desired by the 
photointerpreter , tais may be extracted from a particular area by using the 
digital data block and a tape search routine. The desired information is then 
fed into buffer storage, digitalized, and displayed to the photointerpreter via 
a synthetic display or typewriter printout. 

The magnetic tape handling equipment required on the carrier is basically 
similar to that employed in the aircraft with the exception that a serve con- 
trolled tape drive may be employed to compensate for variations in the airborne 
recorder, and an additional automatic control and/or search function may be 
incorporated. 
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6. ELECTRONIC INTELLIGENCE (ELINT) SENSOR SYSTEMS 


6.1 DATA FLOW 

Primary data flow and system interconnections for a typical Electronic 
Intelligence (ELINT) system are shown in the Multisensor System Diagram, Fig. 

6-1 the General System Diagram, and Fig. 6-3 the Ground Handling System 
Diagram. The ELINT system collects target emitter signais, analyzes and inter- 
prets them, and provides as an output the identification of the emitters, their 
géographie locations, and the characteristics of their signais. Although the 
general data flow is as shown, the spécifie configuration of the system dépends 
upon the amount of real-time data required, and on the spécifie needs for which 
the System will be used. In Systems not requiring near real time outputs, the 
airborne equipment is essentially a collection system, and the major portion of 
the signal analysis and processing is done in the surface-based equipment. On 
the other hand, if near real time outputs are required, more of the signal 
analysis and processing must be accomplished in the airborne equipment. In 
either case, Systems to be used for tactical reconnaissance can usually be less 
complex, and of smaller size and weight, than Systems used for strategie recon- 
naissance, since they are used against emitters whose frequency bands and basic 
signal characteristics are already known and are a part of the intelligence data 
base. 


6 . 2 AIRBORNE 

Primary data flow in the airborne ELINT system starts at the "Target Radia- 
tion Patterns" block at the left center of Fig. 6-1, continues through the five 
blocks at the bottom left-hand side of the diagram, and ends at the "Recovery 
from Aircraft" block in the center. In essence, signais are collected, processed 
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Fig. 6-1 — Multisensor block diagram. 
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in near real-time for use in the System, and stored on magnetic tape. Collection 
is accomplished by the use of antennas and receivers covering the required fre- 
quency bands. Processing includes the measurement of signal parameters, the 
comparison of the parameters against apriori data stored in the System so that 
priority information may be obtained in near real-time, the computation of 
emitter location, and the coding of ail data in a compatible digital format. 

Ail signal data are stored on magnetic tape for use in the surface-based 
corrélation center. 

ELINT sensors are useful for the récognition and location of targets which 
intentionally radiate signais within the radio spectrum. Target radiation pat- 
terns for the ELINT sensor are only provided for those classes of targets which 
contain emitters, or which hâve emitters closely associated with them. The 
radiation patterns of these targets are partially, of course, the character istics 
of the signais radiated by their respective emitters. The signais from an AA 
acquisition radar, for example, allow this target to be easily identified on a 
battlef ield and differentiated from other targets, without direct observation 
by an imaging System. 

The degree of récognition of spécifie targets from the character istic radi- 
ation of their emitters dépends on the uniqueness of the particular emitter, or 
combination of emitters, associated with the target. If a spécifie radar set 
were installed and used on ail of the enemy's motor torpédo boats, a motor 
torpédo boat would be identified positively whenever its signais were inter- 
cepted. On the other hand, if ail classes of ships above a certain displacement 
were to use the same sur face-search radar, it would be difficult to identify the 
spécifie class on the basis of an intercept from this radar alone. However, 
each class of ship is usually fitted with a complément of radar equipment 
peculiar to its functional use, and when multiple intercepts of these emitters 
can be made, the probability of identifying the spécifie class of ship becomes 
very high. Thus, target identification is accomplished by interpreting the 
"signature" of its emitter complex. 

Emitter signal characteristics can be utilized to identify the source of an 
émission pertaining to the frequency, modulation characteristics, and antenna 
patterns of the radiator. The following is a tabulation of the parameters which 
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can be used to identify the émission source, The direct ion-of-arrival and 
time-of- arrivai parameters are not charac ter is tics which normally could be used 
to identify an emitter. 

Emit ter s Signal Parameters 

Radio Frequency 
Puise Répétition Interval 
Puise Répétition Frequency 
Puise Width 

Puise Amplitude (Signal Strength) 

Modulation Charac teristics (Non-Pulse) 

Duty Factor 

Ântenna Scan Rate and Pattern 
Àntenna Beam Width 
Polarisation 
Side-Lobe Level 
Intra-Pulse Modulation 
Direc t ion- o f- Arrivai 
Time-of -Arrivai 

À study of these emitter signal parameters has shown that the measurements 
of frequency and puise répétition interval (or its reciprocal, puise répétition 
frequency) are usually sufficient to provide a rapid and positive identification 
of most radar types. Puise width and emitter antenna scan rate are useful in 
resolving the few remaining ambiguous radar identifications which can occur. To 
positively identify communications type emitters, it is necessary to measure the 
basic modulation charac teristic of the emitter. Such modulation characteristics 
as single side-band suppressed-carrier , frequency modulation* puise code modula- 
tion “ frequency modulation, and others* can be recognized by the ELINT process- 
ing logic. 

The ELINT block in Fig, 6-1 represents the equipment used to intercept and 
collée t the radiated emitter signais. The System is comprised of antennas and 
receivers covering as much of the radio frequency spectrum as is necessary, or 
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as is practical to cover. Other than communications Systems, the majority of 
battlefield emitters employ frequencies starting at the low VHF range ( approxi- 
mately 30 mes) and continuing up through 40 gigacycles. ELINT Systems, there- 
fore, are designed to cover most of this range, using as many antenna-receiver 
combinations as required. Since présent broadband antenna and receiving Systems 
can only operate satisf actorily over a 2 to 1 frequency range (an octave) or 
less, approximately 9 to 15 sets of antennas and receivers opérât ing in parallel 
are required to cover the entire range. Future Systems operating with real-time 
logic and microminiature techniques will be able to do better than an octave 
coverage per band. 

Àlthough collection of target emitter signais may be accomplished over the 
useful spectrum with antennas of reasonable size, the accurate location of tar- 
gets is degraded at the lower frequencies because the size of the antennas which 
can be installed is much smaller than the wavelength of the radiation. Because 
of this condition, some of the présent ELINT Systems, for example, do not pro- 
vide for emitter location at frequencies below approximately 150 megacycles. In 
new Systems being developed, it appears that a lower limit of 30 megacycles will 
be practical. 

At the high frequency end of the spectrum, the radiated power of surface- 
based emitters is so low, and the path loss is so high, that détection and 
acquisition from airborne platforms is extremely difficult. The useful limit 
for new Systems appears to be in the vicinity of 15 to 18 gigacycles, thus pro- 
viding coverage for emitters in I^-band, but not in K a -band above 18 gigacycles. 
However, because of the very short range radar capability at the high frequen- 
cies, the latter band is being used almost exclusively for airport surface- 
detection radars. 

Since the operating frequencies of emitters in a tactical battlefield 
environment are quite often concentrated within several isolated frequency 
bands, it is possible to simplify the design of ELINT Systems, and reduce the 
amount of hardware required, by covering only a limited number of frequency 
bands, and using interchangeable plug-in tuning heads to provide the long-term 
overall coverage. However, the supply logistics required to support such a 
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concept are so severe that it is not normally done. Therefore, the Systems 
envisioned for multisensor reconnaissance will probably cover the 60 megacycle - 
18 gigacycles spectrum. 

Détermination of the exact frequency range to be covered by an ELINT System 
follows a detailed examination of the spécifie emitter environment to be antici- 
pated. Spécifications and data for many of the enemy' s emitter Systems are 
usually available well in advance of their operational use on the battlefield, 
so that equipment designs can be predicated on their known and extrapolated 
capabilities. Histograms depicting the operating frequency of emitters versus 
their functional use and battlefield utility are used extensively to accomplish 
this task. 

Another design factor of significance to the ELINT emitter collection Sys- 
tem is the method used to cover the complété receiving spectrum. Receivers can 
be of two types - scanning (in frequency) receivers, or non-scanning receivers. 
In the scanning receiver, very narrow-bandwidth "windows" are scanned simultan- 
eously across each of the frequency bands in répétitive cycles, to sample the 
emitter radiation présent. A receiver of this type will hâve excellent 
selectivity, accompanied by very high sensitivity. 

The sensitivity of this type of receiver can be made high enough to detect 
the émission from the side and back lobes of radar emitter antennas at very long 
ranges. Such a System, thus, can "see" radar emitters regardless of the direc- 
tion in which the radars are "looking". Because of the frequency scanning 
action of this type of receiver it does hâve the disadvantage of not being able 
to monitor each signal continuously. However, since scan times of 1 to 5 sec- 
onds to cover the entire frequency spectrum are easily achieved, the sampling 
rate is high enough to permit the most sophisticated radar signais to be identi- 
fied and located. 

The non-scanning type of receiver ( crystal-video and other types) use 
contiguous bandpass filters to sample the entire frequency range of the receiver 
at one time. It has the advantage of providing simultaneous coverage of the 
frequency spectrum, but its sensitivity is not as high as the scanning type of 
receiver. Consequently , this type of receiver is normally used to detect only 
the radiation from the main antenna beams of emitters. 
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There is a need for each type of receiver, depending on the spécifie 
application. For example, Systems designed to operate against emitters which, 
because of their functional use, do not look at the reconnaissance aircraft 
( shell- trackers, etc.), must hâve a high sensitivity to intercept the reduced 
radiation from the minor lobes of the emitter antenna pattern. On the other 
hand, Systems to be used against Early-Warning, GCI, and similar types of radar 
sets which do look at the reconnaissance aircraft, can, in some cases, use 
simple crystal-video receivers. With the advent of tunnel diode amplifiers and 
miniaturized RF techniques, it is now feasible to design "wide-open" type re- 
ceivers with superheterodyne sensitivities. If one scans the output of each 
filter bank (miniaturized), before or after amplification, the distinction, for 
the future, between scanning and crystal-video type receivers disappears. The 
latter is most attractive because it is passive (has no local oscillators) . In 
any case, it is important that data sampling be done in one way or another, 
since the unrestricted flow of data would completely choke the processing and 
recording facilities. 

When there is no requirement for extremely high data collection rates, 
multiple scanning functions are useful. These Systems scan in frequency, while 
using an omni-directional antenna, until an intercept is made, and then interrupt 
the frequency scan to scan in azimuth. A narrow-beam directional antenna is 
automatically scanned in the azimuth scan cycle to locate the emitter and com- 
plété the analysis. The frequency scan then continues, with interruptions 
whenever another intercept occurs. 

A final considération of paramount importance in the design of the collec- 
tion portion of an ELINT System is the type of direction finding System to be 
employed, and the type of antenna System which it requires. Précisé location of 
the source of an electromagnetic radiation has always been a difficult problem, 
and in the case of ELINT détection, has been made even more difficult by the 
extreme frequency range to be covered, the large number of signais to be proc- 
essed, and the wide range of signal strengths to be experienced. 

The location of a source of emitter radiation by an ELINT System involves 
the solution of a triangulation problem, using the relative bearing angles of 
the emitter from the reconnaissance aircraft, and a base line established by 
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the movement of the aircraft# This technique is necessary because there is no 
known method of determining the range to a source of radiation when using a 
single passive receiving System at low altitudes, 

The accuracy of triangulation is priraarily a fonction of the accuracy with 
which the angle(s) of arrivai of an intercepted signal can be determined, and 
the length of the base line between the angles measured. The longer the base 
line (within limits), the more accurate the "fix 11 which can be made, since 
slight errors made in determining the base angles of a very narrow triangle can 
cause considérable uneertainty of the location measurement. 

Airborne ELINT Systems generate the base line of the mensuration triangle 
by "flying by M the emitter source for as long a period as is feasible, as shown 
in Fig, 6-2a. By obtaining numerous measurements of émit ter-bearing angles 
during the fly-by, not only is the triangulation more accurate because of the 
more favorable angular relationship, but a large statistical improvement in 
emitter location is obtained, as well. The statistical improvement is a func- 
tion of the square ::oot of the number of independent bearing measurements made 
(0), and is quite significant when a large number of H DF cuts H can be taken. 

The area of uneertainty is in the shape of an ellipse, oriented as shown in 
Fig, 6-2a. 

There is also a solution to the location problem which uses the altitude of 
the reconnaissance aircraft above the earth's surface, in conjunction with meas- 
urements of the vertical dépréssion angle from the aircraft, to provide the tri- 
angulation. This method is illustrated in Fig, 6-2b. However, this System is 
only accurate at high altitudes of flight, because, as the altitude is decreased, 
the vertical angles, (<f>) 9 become grazing angles which cannot be measured accu- 
rately, and the triangle becomes so fiat that minute errors in measuring the 
angles produce large positional errors. 

In eurrently-programmed ELÎNT Systems, using the fly-by technique, emitter 
locations can be determined within an accuracy of approximately ±3 percent of 
the range. The range is the range of the emitter M abeam !1 to the reconnaissance 
aircraft ( perpendicular to the flight path at the point of minimum range). 
Accuracies of approximately ±10 percent of range can be attained by using only 
a few fixes, without flying by the target. 
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Fig. 6-2 — Direction location using fly-by and AZ-EL techniques. 
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The emitter location Systems using the radio altitude and vertical déprés- 
sion angles, can achieve location accuracies of approximately +10 percent of 
range on each puise, and +3 percent of range with statistical Processing. The 
vertical angle, <£, however, mus t be larger than approximately 10 degrees to 
attain these résulta. 

Several techniques are available for measuring the angular location of an 
emitter from a single reconnaissance aircraft. The basic methods being the 
measurement of the pointing angle of a rotatable antenna (DF), and the measure- 
ment of the phase or amplitude différences of signais intercepted by two 
antennas (monopulse), The DF method requires a mechanically or an electronically 
scanned antenna, and is utillzed for certain applications where these type an- 
tennas can be accommodated. The electronically scanned antenna is a relatively 
new development which éliminâtes rotating hardware; however its cost is rela- 
tively high, and its extremely rapid scanning rate cannot be utilized because 
of the necessity of receiving at least three consecutive puis es of an emitter 
signal for évaluation purposes before it is out of the scanning antenna beam. 

The aecuracy of angle measurement utilizing the DF System varies from approxi- 
mately +10 degrees at the low frequencies to +3 degrees at the high frequencies. 

In Systems required for high data rate collection, it is not praetical to 
use a scanning antenna in conjunction with a receiver which is scanning in 
frequency, because the joint probability of intercepting an emitter, resulting 
from the double scanning proeess, bec ornes exceedingly small. For low data rate 
Systems, the dual scanning proeess can be used successively , an example being 
the scan-stop-analyze System previously discussed. 

The monopulse technique for measuring emitter location angles is most 
attractive because of its simplicity and small size. In this technique two 
small antennas, mounted side by side, or separated by a distance equal to 
several times their size, are used to détermine the direc tlon-of- arrivai of a 
wave front by amplitude or phase comparison methods. Moving éléments are not 
required, and direction location information is obtained from each puise 
received . 

In the amplitude comparison scheme the différence in signal level received 
at the displaced beams of two antennas is compared to détermine the angle-of- 
arrival of the signal relative to the boresight axis of the composite antennas. 
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A number of the individual antennas are usually mounted around the aircraft, to 
divide the space on each side into angular sec tors. By logically combining the 
outputs from ail of the antennas, the direction-of- arrivai of a signal can be 
quantized to much less than the size of the sectors. In a typical System a 
composite antenna on each side of the aircraft, plus one fore, one aft, and one 
on the bottom of the fuselage, can provide +42 degrees of coverage on each side, 
centered about the abeam positions. The resulting angular resolution per single 
emitter puise received is approximately +6 degrees, using antennas with half- 
power beamwidths as high as 24 degrees. Within the présent state-of- the-art it 
is possible to better this figure. When a number of these angular measurements 
are made, as the aircraft progresses, the final positional accuracy of emitter 
location approaches the équivalent +2 degree angular measurements with this 
arrangement. Because of antenna size restrictions, the amplitude comparison 
technique is normally used at frequencies above approximately 2000 megacycles. 

The phase-comparison monopulse technique for measuring the angle-of-arrival 
of emitter radiation detects the différence in phase of each signal puise re- 
ceived at two antennas, and produces a direction signal quantized to small 
angular sectors abeam the aircraft, similar to the amplitude comparison System. 
This System is essentially an interferometer, with the two antennas separated 
by less than one-half wavelength at the highest frequency in each band, in order 
to prevent multiple nulls within the coverage angle. In a typical System, a 
two-element antenna array is mounted on each side of the aircraft, and connected 
into a phase comparator which provides 12-degree angular sectors over an 84 
degree angle on each side of the aircraft, with +6 degree resolution. The 
quantization of arrivai angle, therefore, duplicates and is compatible with the 
amplitude-comparison System. 

Available space on carrier aircraft usually prohibits the use of the mono- 
pulse phase-comparison antennas much below 100 megacycles, where the antenna 
séparation becomes approximately 5 feet, At these lower frequencies the air- 
craft itself becomes the antenna for receiving signais, but a practical antenna 
System to provide meaningful directional resolution is difficult to achieve. 

At the high frequencies, above 14 to 18 gigacycles, the ability to provide 
good direction location is limited severely by the large amount of free-space 
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atténuation which existe, and a number of tradeoffs must be considered. High- 
gain antennas are needed to counter the atténuation loss, but then the angular 
view of each antenna is so small that many antennas are required around the 
aircraft to provide complété coverage. The additional antennas, in turn, 
require more receiver channels, and thus the system becomes extremely complex. 
Fortunately, the amount of radiation anticipated at the high frequencies is so 
limited, that a complex system is not warranted. Therefore, in this frequency 
range, hemispherical coverage is usually provided by three antennas, one antenna 
looking to each side, and one antenna looking down. Location is derived by 
letting the emitter "fly" through one of the beams. The information provided is 
left, right, or down, with the corresponding time of interception. 

6.2.1 Electronic Signal 

Processing of data in an ELINT system can be accomplished rapidly and 
accurately by means of an alrborne computer (Signal Processor) . Therefore, ail 
of the data collée ted by the system, in analog or digital form are converted to 
a standard digital format in computer-compatible language. In the System 
Diagram, Fig. 6-1, the accomplishment of this function is represented by the 
Electronic Signal block, The inputs to the block are the signais from each of 
the ELINT receivers, aircraft positional and navigational data, and timing sig- 
nais. The output is electronic data in the form of digitally-coded words for 
use by the signal processing unit (digital computer). 

The output signais from the ELINT collection receivers are the puises from 
ail of the intercep ted emitters. Before these puise signais can be assembled 
and sorted into puise trains, which can be further analyzed to identify and 
locate each emitter, it is necessary to measure the characteris tics of each 
puise, and identify Its frequency, direction-of-arrival, and time-of- arrivai. 
These data are encoded into a single "puise word" for each puise, and the sum 
total of ail puise words constitutes the electronic signal into the signal 
processor. 

In a typical ELINT system the puise char ac ter is tics measured are the puise 
width, puise amplitude, and "spécial signal" identifier. Puise width is measured 
from 0.2 to 90 microseconds and coded in 4 digital bits. Puise amplitude is 
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measured over a 60 db range in fifteen 4-db incréments, and is coded in 4 bits. 
The special-signal identifier is a single bit to identify emitters which hâve 
CW radiation, or which modulate the carrier frequency within the puise (puise 
compression, "chirp", phase-coding, and others) . 

The carrier frequency of each puise is measured by identifying the receiver 
band from which it was received (coarse frequency), and adding the frequency of 
that receiver' s local oscillator (fine frequency) at the time the puise was re- 
ceived. Relative frequency can be measured within a précision of 0.1 percent of 
the frequency spread of a band, which is adéquate for signal processing. The 
absolute accuracy over long periods of time is approximately 1 percent for ail 
bands. Four bits are often used in the puise word for coarse frequency, and 9 
bits for fine frequency. 

The direction-of-arr ival measurement made by ELINT Systems which use the 
fly-by technique for obtaining emitter site location, is derived in logic cir- 
cuits that détermine in which azimuth sector of the antenna directional patterns 
the puise is received. Four bits are used to quantize this measurement, and the 
resolution is approximately +6 degrees in a typical System. 

In ELINT Systems which utilize azimuth and élévation antennas in conjunction 
with aircraft altitude to locate emitter sites, as shown in Fig. 6-2, the 
direction-of- arrivai détermination becomes a computation of range to the emitter, 
usually at one spécifie angle, the broadside angle to the aircraft (90 degrees 
relative bearing) . The range computation is simply the altitude of the aircraft 
times the tangent of the élévation dépréssion angle to the emitter, and the 
range output is encoded in 4 bits to a précision of +1 nautical mile. 

Since timing puises with a resolution of 1 microsecond are generated within 
the ELINT equipment, the time-of- arrivai measurement is encoded in 10 bits with- 
in each puise word for use in processing signais in the Signal Processor. It is 
primarily used to make a précisé measure of the puise répétition interval. 

The spatial attitude and geographical location of the reconnaissance air- 
craft (NAV data) are essential in evaluating completely processed ELINT data in 
the air, or on the ground. Therefore, these data are often encoded with the 
signal parameter data, included as a portion of the electronic signal, and sent 


SPECIAL HANDLING 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 



Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 


SPECIAL HANDLING 


directly to the recorder as well as to the signal processor. The parameters 
available in the aircraft include pitch, roll, heading, altitude, latitude and 
longitude, and they raust be encoded in computer-compatible language before 
routing to the computer or the recorder» 

In order to fulfill the data processing requirements in a dense signal 
environment, the transfer of raw data (individual puise words of approximately 
32 bits each) into the airborne signal processor must take place at a very high 
rate* Traffic studies hâve shown that puise densities over the complété spec- 
trum can run as high as 1 by LO 6 puises per second. However, because of the 
sampling accomplished by the frequency or azimuth scanning process, the density 
seen by the receiver during the "dwell tirne" only reaches a peak of approxi- 
mately 30,000 puises per second. By providing for this rate, therefore, the 
Processing will be compatible with the scanning limitation, and the capability 
of the System will allow the simultaneous interception of 30 emitters with puise 
répétition rates averaging 1000 puises per second. 

6.2.2 Signal Processing 

The Signal Processing block in the Systems Diagram, Fig. 6-1, represents 
the airborne digital computer used in an ELINT System to correlate and process 
the raw intercept data, so that useful outputs concerning the intercepted emit- 
ters may be obtained. A general-purpose digital computer is generally used to 
accomplish the signal-sorting function, because of the digital nature of the 
data collection, and the prodigtous amount of data which must be processed. 
However, the required sorting process is inherently different than the type of 
problem solution for which a general-purpose machine is designed. Thus, a 
computer designed especially for the sorting task can reduce the amount of 
input-output interface equipment required with the computer, it can use less 
memory, and can do the job more efficiently (in less time) . Both the general- 
purpose and special-purpose computers are being used in présent Systems, 
depending on the exact requirements. 

Since most Systems built to date require that the data analysis be done 
aboard ship, or at a ground base where large general-purpose machines are 
available, the airborne Systems must be configured to operate with these 
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machines. Under these circums tances, a special-purpose logic unit with a 
limited capability is used in the aircraft, because the only processing neces- 
sary is to properly format the data for the magnetic tape. For future tactical 
reconnaissance Systems the use of identical small-sized general-purpose units 
in the air and aboard ship will be considered, since their use may provide the 
most economical and efficient design. 

The Signal Processor accomplishes its task by converting the pulse-word 
input data into "scan words" containing a description of the puise trains 
associated with a single emitter. Once the puise trains from each emitter hâve 
been separated and analyzed, the emitters can be functionally identified and 
their angular location assigned. Incoming puise words are first sorted into 
azimuth or frequency scan periods by requiring that scan contributions be from 
the same antenna-receiver combination. A scan period (or dwell time) is the 
interval of time during which puises produced by a particular emitter are 
received. The scan period for a scanning receiver is the time interval during 
which the receiver scans through the emitter frequency. The scan period for a 
wide-open receiver is the time interval it takes for the main beam of the 
emitter antenna to pass by the reconnaissance aircraft. Initial sorting by this 
puise- to- scan corrélation reduces the data traffic in the remainder of the 
computer, and increases the validity and usefulness of the data. 

Scan words derived in the Data Processor are the source of signais for ail 
further processing. Contained within them is a précisé measure of the emitter 
puise répétition rate. Next to the radar RF frequency, this signal parameter is 
perhaps the most important of ail signal characteristics for récognition of 
targets. When the scan words are matched against stored signal characteristics, 
emitter types can be identified, alarm signais can be generated, and on-board 
emitters (OBE) can be discriminated against. Finally, processing of the scan 
words to digital emitter descriptions provide approximately a 3 to 1, to as 
high as 100 to 1, data réduction, depending on the puise répétition rate of the 
emitter, which makes the recording and/or data transmission problem more 
reasonable. 

Computation of the emitter location must also be done in the airborne 
Signal Processor if the System is to provide this information in near real- time. 
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Most of the Systems currently in use do not make this measurement in the air, 
and the computation is done in a computer on the ground or aboard ship. The 
ELÎNT System described earlier, whieh uses the dépréssion angle from the air- 
craft to the emitter, and the altitude of the aircraft, to solve the location 
problem, is a notable exception. In that System, the solution of the ranging 
triangle is derived in the air borne computer in near real-time, and is stored 
on film for immédiate vlewing. It is very probable that new ELINT Systems for 
tactical reconnaissance will also be required to furnish the location of pre- 
selected emitter types in essentially real-time, 

A final function of the Signal Processor is to format and time-multiplex 
the variety of digital information required for the data link recorder, oper- 
ator's display, and auto-target indicator, By so doing, the volume of digital 
information relayed to the ground, or recorded, can be reduced substantially, 
and the operator's display optimized with respect to data présentation. The 
routing of these output signais from the Signal Processor is shown in the 
System Diagram, Fig. 6-1. Complété data on ail emitters are sent to the tape 
storage, while priority and selected data are sent to the automatic target 
indicator, data link, and operator f s display, if these devices are used. 

6.2.3 Record and Record Storage 

In the majority of ELINT Systems manufactured to date, the output informa- 
tion from the System is recorded on magnetic tape, Only a few Systems record 
on film, there being a need in one System for real-time readout of ELINT and 
other sensor outputs on film in the aircraft. The tape storage is, of course, 
idéal from many standpoints, and most probably its use will continue in new 
designs of the future. 

ELINT data may be readily encoded and stored on magnetic tape, because the 
data rate of the information, after processing by the computer, is quite reason- 
able. Thus, although a maximum of 30,000 32-bit words of raw data per second 
can be présent at the input to the data processor, there is considérable 
redundancy in this information, and the eorresponding output after processing 
may be represented by less than 500 32-bit words per second. In typical Sys- 
tems a one-inch wide tape with 16 recording tracks is used, and the information 
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is recorded at a density of 1000 bits per inch, at a tape speed of 7.5 inches 
per second. At this recording speed more than 3 hours of flight-time may be 
stored on a 14- inch diameter reel. 

In addition to the emitter characteristics and timing signais, other data 
pertinent to the mission are also recorded on the tape, as was discussed earlier. 
These items pertain to the status of the System, and include navigation weather 
and fixed data. The priority need for most of this information, however, is 
not very high, and it is not necessary that it be recorded at a high data rate 
on the tape. Required data recording rates vary according to the use of the 
data, and it is a function of the recorder electronic equipment to multiplex 
these signais properly. Représentative of the data sampling rates employed in 
current ELINT Systems are the following: 

Fine Frequency - every 8 milliseconds 
Mission Time - every 131 milliseconds 
System Status - every 500 milliseconds 
Navigation Data - every 1 second 
Weather - every 134 seconds 
Fixed Data - every 268 seconds 

Randomly arriving emitter characteristic data are placed in storage and recorded 
between the periodically- sampled data. 

The ELINT System which utilizes film as a recording medium is a near real- 
time System, requiring identification and location of approximately ten emitter 
types whenever they are intercepted. A 5-inch film strip is used to record this 
information in a remarkably simple display format. Identification and location 
of each emitter is annotated on the film strip by means of a single letter of 
the alphabet placed on the film at a distance proportional to the range of the 
emitter, and at the time that it passes abeam the aircraft. The usable dimen- 
sion across the film strip is 4 inches and represents the cross-course range of 
the emitter from the aircraft. Distance along the film désignâtes the position 
of the aircraft (and emitter) in time, since the film strip is moved in syn- 
chronism with the aircraft at the proper scale rate. Ten letters of the 
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alphabet are used to define ten categories of emitters (CCI, FC, etc,)* An 
unknown emitter is designated by the letter n U f! . 

A display of this type is extremely easy to interpret, by even a busy pilot 
or observer, and it does provide a permanent record for a limited amount of 
electronic intelligence data. It is not as versatile a storage medium as mag- 
netic tape, or as convenient to use, because of the developing and processing 
required. 

6.2.4 Automatic Target Indicator 

During the process of correlating pulse-words to form scan words, and 
thereby identifying emitters, the signal processor is continually matching 
signal parameters from one scan Interval to the next, Therefore it is possible 
to program the computer so that it can recognize the presence of a particular 
set of signal parameters, and generate an alarm or indicate a priority, as 
desired. The a-priori information used for this purpose can be a single emitter 
parameter, or a combination of parameters, which uniquely identify the emitter 
source. Although several parameter combinations are useful for this purpose, 
the emitter RF frequency and puise répétition Interval hâve been found to pro- 
vide a positive identification in a majority of cases. This relationship is 
discussed more thoroughly in the Multisensor Tactical Target Study. 

In some ELINT Systems, the récognition of prescribed emitters is used to 
provide an operator alarm, The réception of a speeially-coded puise, or a CW 
émission, for example, are charac ter is tics frequently used to trigger this 
alarm, the object being to eue the operator so that more detailed measurements 
of the particular charac ter is tic can be made. 

In a tactical reconnaissance System the a-priori target data inserted in 
the Automatic Target Indicator will be for the purpose of selecting important 
tactical targets to be identified and located on the operators* display, or 
used to establlsh priority data flow paths. In fact, it Is very likely that 
the automatic targeting will be aeccmplished back in the Signal Processing 
block in Fig, 6-1, so that the same présélection of emitter types can control 
the outputs to the data link and airborne recorder. Rather than being used to 
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provide an alarm function, the a-priori data in a tactical ELINT System will be 
used as a final filter of emitter characteristics, to restrict the output data 
to high priority targets of tactical concern. 

6.2.5 Operator Display 

Several types of operator displays hâve been used successfully for real- 
time évaluation of emitter characteristics in the reconnaissance aircraft. 

Most often the displays hâve been of the panoramic type on a multiple- trace 
cathode-ray tube, displaying to the observer the signal parameters versus 
frequency scan. This type of display is designed to be used primarily for 
technical analysis of emitter signal characteristics, and does not lend itself 
to the rapid identification and location of selected emitter types, as is re- 
quired for real-time tactical reconnaissance. In recent years this type of 
display has been markedly improved by the use of cathode-ray storage tubes in 
place of the conventional tube. The direct-view storage tube is a cathode-ray 
tube into which information is introduced as an electrical signal and read out 
at a later time as a visible output corresponding to the stored information. 

The characteristics that make this device attractive for this application are 
its brilliant, non- f licker ing, uniform display, and its ability to control the 
display persistence. 

A second type of display which has been used is a cathode-ray tube image 
of the data stored on film. A 20-inch diameter tube is used in one System to 
provide a 4-times size enlargement of the output film record in essentially 
real-time. In this particular case the display is designed for tactical use, 
and only the type and location of preselected emitters is displayed, as was 
discussed previously in the section on recording. 

Plotting board displays are used frequently in ground and shipboard in- 
stallations of ELINT processing equipment, but are not being used in the air. 
Such plots are essentially Radar Order of Battle (ROB) plots, displaying type 
and location of preselected emitters. Small, rugged plotters are available 
which could be used in airborne installations for this purpose, and it is 
possible that future tactical reconnaissance Systems may use them because of 
the real-time information which can be obtained. However, it is very likely 
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that a direct-view storage tube would be used for the plot in a multisensor 
System, because of its greater flexibility, and its capability of being used 
with the other sensors. 

In any type of display to be used with a multisensor tactical System, the 
basic requirement is that the high priority ELINT information be presented in a 
clear, concise manner as rapidly as possible, and that its format be integrated 
with the other sensor displays bo that the observer can rapidly assess the over- 
all situation. Human engineering factors are extremely important in the design 
of such a display if the ultimate in man-to-machine efficiency is to be 
attained. 

6.2.6 Data Link 

ELINT intelligence data collected in the air and stored on film or tape may 
be transmitted to ground or surface-based intelligence centers by means of a 
data link, if this should be required. Although the design of reliable links 
for this purpose is dlfficult, when high quality data from imaging-type sensors 
must be transmitted in real-time, the requirements are not as severe in the 
case of data derived from ELINT Systems, and more conventional radio links can 
be used. The différence stems from the amount of bandwidth required to handle 
the information content of the imagery. The number of information bits in a 
photographie type of image is very high, and relatively large bandwidths must 
be used to transmit a reasonably faithful reproduction. ELINT data, having been 
predigested by the airborne computer to eliminate its redundancy, requires much 
less bandwidth for reliable transmission. 

If the amount of emitter data being stored on magnetic tapes by présent 
ELINT Systems is used as a criterion for estimatlng the data link bandwidth re- 
quirements, it will be found that approximately 1 megacycle of video bandwidth 
is required at normal tape speeds. As was discussed in a previous section, the 
information stored on the tape includes System status, timing signais, mission 
parameters and Navigation data, aB well as the scan and emitter words for 
intercepts. 

Since a video bandwidth of 1 megacycle has too much information content to 
enable the ELINT signal to be transmitted over standard communications links in 

SPECIAL HANDLING 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 


Approved For Release 2009/12/10 : CIA-RDP67B00657R000300200001-5 

SPECIAL H ANDLING 

real-time, methods of reducing the bandwidth further hâve been investigated. 

For example; if the data stored on the tape is restricted to emitter type and 
location, omitting the scan words containing puise characteristics, the band- 
width required can be reduced to less than 1 kilocycle, and real-time trans- 
mission directly from the signal processor can be accomplished. 

6.2.7 Recovery from Aircraft 

The recovery of ELINT reconnaissance intelligence from the reconnaissance 
aircraft requires simply the removal of the tape reel, or film spools, from the 
ELINT equipment. On carrier-type aircraft convenient hatch covers are provided 
on the ELINT pod, so that the tape reel can be removed from outside the air- 
craft immediately after it lands. In a typical System 14-inch diameter flange- 
less reels, holding 8400 feet of 1-inch wide magnetic tape, are used in the 
aircraft. These tapes are later broken down into 10 1/2-inch diameter flanged 
reels for processing in the ground computer. 

When film is used, it has either been already developed and processed (for 
the inflight viewers) , or is an undeveloped négative. In one System, installed 
in a large experimental aircraft, both developed and undeveloped 5-inch wide 
film is used, in lengths of 250 feet on 5-inch diameter spools. The developed 
and processed film may be removed on the reel and used as is. To retrieve the 
undeveloped film, it is necessary to remove the entire film magazine and take 
it to a dark room for developing. 

6.3 SURFACE BASED 

Illustrated in Fig. 6-3 is a représentative multisensor System network for 
a surface-based reconnaissance data processing center. The diagram covers ail 
phases of the multisensor data processing cycle, from acquisition of the input 
data through the analysis of the intelligence output, The diagram also depicts 
many of the possible subsystem interconnections which could exist. The data 
flow for the surface-based portion of a typical ELINT reconnaissance Systems is 
contained within this network, and will be discussed in the following para- 
graphes. Fundamentally , the System reduces the collected data from the recon- 
naissance aircraft, and transfers the information into a computer where it is 
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analyzed and correlated with the available data base. The intelligence data are 
outputs on a teletypewr iter and digital plotter which raay be used immediately or 
for the long-term updating of the data-base library. The spécifie output data 
include définition and location of emitters, corrélation with the Electronic 
Order of Battle, plots of émit ter location and the aircraft flight path, reports 
of location, and reports of emitter activity and priority points. 

The basic ELINT System consists of the 9 bloeks located in the left central 
portion of Fig. 6-3, starting at the ELINT RECORD block at the left, and pro- 
ceeding across to the FLOTTING BOARD near the RECONNAISSANCE ANALYST. Since the 
major attention will be direct ed to this portion of the overall network, it is 
repeated in abbreviated form in Fig. 6-4. 

6.3.1 ELINT Record 

The prime image record from airborne ELINT Systems has been photographie 
film or magnetic tape, Since the film is used in very few Systems, only the use 
of the tape will be considered in the ground-processing Systems to be reviewed. 
In a typical System a 14-inch diameter reel, containing 8400 feet of 1-inch wide 
tape is used. If full processing has not been done In flight, the emitter data 
on the tape will be in the form of digital puise words. Complété processing 
must, therefore, be done in the surface-based complex. 

6.3.2 ELINT Réduction 

In ELINT Systems being used today , magnetic tapes received from a returning 
aircraft are rewound on 10 1/2-inch diameter flanged reels, using a magnetic 
tape rewinder. À flangeless reel is used in the airborne unit to get a large 
capacity within a small space, but flanged reels are required In the ground 
processors to enable a n s tart~stop l! processing technique to be used. 

The rewound airborne tape is placed in a magnetic tape processor with other 
tapes containing computer programs, Electronic Order of Battle (EQB), Emitter 
Parameter List (EPL), and a final output tape. The airborne tape is then sub- 
jected to four stages of processing to détermine the location and character is- 
tics of the emitters which were intercepted on a given mission. These stages 
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are scan word formation, emitter word formation, emitter location, and output 
report. The flow characteristics of thiB data réduction are shown in Fig. 6-5. 

During the formation of the scan word, the raw data taken from the air- 
borne tape are separated into liste to segregate puises which were detected from 
each emitter in one scan period. An electronic définition table (EDT) contain- 
ing the RF frequency and pulse-repetition frequency of known type emitters is 
utilized to separate and identify the puise trains constituting each emitter. 
After a puise train has been assembled and identified, the puise parameters of 
that emitter are added to the puise répétition frequency to make up the contents 
of a scan word. Upon completion of this process for the entire airborne tape, 
a scan word tape is generated containing ail of the scan words formed, along 

with the navigational data of the mission. The scan word tape is then used as 

the input to the second processing stage, which provides for emitter word 
formation. 

The emitter word formation program correlates emitter data on a scan-by- 
scan basis which combines ail scan words obtained from the same emitter. Various 
sorting criteria are used for this to ensure positive identification of the 
emitter. The output of the emitter word formation is an emitter word tape which 
contains the signal characteristics, orientation of the reconnaissance aircraft, 
and the quantized angular bearing of the emitter from the aircraft during each 
scan. 

The emitter word tape is used to locate each emitter from the angular 

bearings measured during each scan. This is accomplished by properly weighing 

the measured bearing angles and finding the least squares distance from ail of 
the bearing lines at their convergence. Figure 6-6 indicates the manner in 
which location is determined, and illustrâtes the fifty percent probability 
ellipse (area) within which the actual location of the emitter lies one-half 
of the time. This ellipse is defined by the lengths of the semi-major and 
semi-minor axes and the orientation of the major axis from true north. 

6.3.3 Computer 

A general-purpose computer is used in conjonction with the various data 
and programming tapes to reduce the collected data from the reconnaissance 
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Fig. 6-5 — Data réduction cycle. 
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aircraft. A typical computer for this application is a general-purpose, stored- 
program machine capable of processing a large quantity of complex data very 
rapidly, and which provides rapid communication with external devices. It has 
a large random-access internai storage. The normal computer operation may be 
performed by manual initiation of the automatic programming and does not require 
monitoring thereafter. 

At the conclusion of the final tape formation in the four-stage data 
réduction sequence, output data in the form of hard copy teletypewriter print- 
out and plotting board locations are available. Several methods of presenting 
the data are provided in order to cover various mission requirements, and the 
computer is preprogrammed before the data réduction run to accomplish this. 
Programs generally used include General Processing, Emitter Activity, Priority 
Point Activity, and Area Activity. The format of the data print-out associated 
with these computer programs will be discussed further. 

General Processing is used for airborne tape data réduction when ail 
emitters are to be processed without excluding any emitters on a géographie 
basis. The output is generally a two-line teletype message, which indicates 
the emitter characteristics, plus its most probable location. The location 
is also plotted on the plotting board and labeled with an index number which 
corresponds to the emitter number on the typed output. An annotated example 
of a teletype print-out is shown in Fig. 6-7. 

The computer program for Emitter Activity filters the processing cycle so 
that only those signais having characteristics selected by the user are proc- 
essed and printed out. The characteristics which can be pre-specified are 
usually the frequency band, frequency, PRF and the minimum number of puises to 
be processed. Outputs of the Emitter Activity program are the same as those 
of the General Purpose program except that they are restricted to signais of 
emitters falling within the selected limits. 

The Priority Point program permits only that emitter data which originated 
at a particular géographie point (are) to be processed. Latitude and longitude 
of the point, plus the radius of the area of interest are inserted into the 
computer with the priority point program. The outputs will include only those 
emitters that fall within the desired target radius. 
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The Area Activity program has the same function as priority point activity, 
but prescribes an area bounded by straight Unes rather than by a circle. The 
latitude and longitude of as many as 40 different points may be selected for 
this program, and only signais emanating from the area enclosed by straight 
lines connecting consecutive points will appear in the final output listings. 

Other programs are available which may be used in conjunction with each of 
the primary programs to provide additional flexibility. An Electronic Order of 
Battle/Electronic Parameter List corrélation (EOB/EPL) is one that is particu- 
larly valuable. The corrélation is done in the computer by comparing the infor- 
mation on the final data tape with the data base EOB tape. The corrélation is 
attempted for only those emitters being processed in accordance with the primary 
program, and the output results in additional teletype lines below the standard 
two-line print-out, which delineate possible EOB or EPL corrélations. During 
the corrélation process the computed CEP ellipse is expanded three or four times 
to make allowances for errors in locating the emitter, or errors in the ROB. A 
typical EOB corrélation print-out is shown as the lower line in Fig. 6-7 below 
the ELINT intercept data. 

Although the simple programs discussed above would probably furnish as much 
data as would be useful, or could be handled in a tactical reconnaissance Sys- 
tem, the availability of the general-purpose computer makes it very convenient 
to use other types of computer programming routines periodically for the extrac- 
tion of statistical data. In one large ground-processing System, for example, 
over fifty different programming routines are being used to dérivé long-term 
intelligence from mission and EOB tapes. Periodic analysis reports, site-set 
corrélations, confirmed sets reports, inventories, and related information, are 
typical of the diverse intelligence data obtainable in this manner. 

Several small-sized general-purpose computers are currently available to 
handle the ship-based data réduction process. Some of the salient characteris- 
tics of these machines are the following: 

1. Internai high-speed storage with a cycle time of 8 microseconds. 

2. A storage capacity of 32,000, 30-bit words. 

3. A library of 62 instructions, most of which provide for conditional 
program branches. 
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4. An average instruction execution time of 10 microseconde. 

5. Optional operation with a 15-bit half word. 

6. Programmed check of data priority. 

7. Signal address instructions with provisions for address modification 
via seven index registers. 

8. Internai seven day real time dock for initiating operations at pre- 
scribed times. 

9. Fourteen input and 14 output channels. 

10. A "bootstrap" memory containing two, 32-bit word memories. 

6.3.4 Printer 

The primary output data from the computer is the hard copy print-out on a 
teletypewriter, samples of which were shown previously. These machines can 
print-out data at a speed of up to 10 characters per second, and with their 
paper tape attachments, function as the connecting link between the operator and 
the computer. Some of the functions which the teletypewriter equipment can per- 
form in the data-processing system are tabulated here: 

1. Enter keyboard data into the computer. 

2. Enter punched- taped data into the computer. 

3. Print hard copy from computer data. 

4. Punch paper tape from computer data. 

5. Perform items 3 and 4 concurrently. 

6. Print hard copy from keyboard data, 

7. Punch paper tape from the keyboard data. 

8. Perform items 6 and 7 concurrently. 

9. Print hard copy from paper tape data. 

It may be noted from this liât of the functional uses of the teletypewriter 
that it is indeed a versatile piece of equipment and vital to the operation of 
an automatic computing facility. 

6.3.5 ELINT Plotting Board 

Although a Digital- to-Analog converter is shown located between the comput- 
er and ELINT plotting board in the multisensor sur face-based network, Fig. 6-3, 
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the conversion is conveniently done inside the plotter, and modern-day plotters 
for this application are considered to be digital plotters. A size of approxi- 
mately 3 1/2 feet by 5 feet is convenient, since it can accommodate standard 
military map and chart sizes. Usually the plotting is done on opaque paper or 
transparent overlays, and a vacuum System is provided to hold the plotting 
material fiat on the board. 

Operating in conjunction with the digital computer the plotter also has a 
great deal of flexibility, and can be used to préparé plots of the reconnais- 
sance aircraft flight paths and define the preprogrammed areas of data retrieval. 
Plotting may be in the form of a continuous point plot, symbol plot, or a com- 
bination plot of points and symbols. The points may be plotted at a rate of 
more than 60 per minute with an accuracy of l/64th of an inch of the commanded 
position. Some plotting boards are equipped with a magnifying eye-piece for 
accurate positioning of the maps and overlays. 

6.3.6 Data Base Library 

In the overall System network, Fig. 6-3, the data base "library" is shown 
just below the basic ELINT System in the central data processor for annotation 
prior to storage. 

6.3.7 Data Llnk 

Although the detailed flow diagram for data entering the ship-board multi- 
sensor System via an RF data link is indicated at the uppermost left-hand corner 
of Fig. 6-3, it has not been the practice to provide a separate channel in such 
links for ELINT data. One reason for this is the fact that ELINT data has been 
included in the data block recorded on the sensor imagery and has been scanned 
off and transmitted as a portion of data. If the link were to be used, a 
duplicate of the airborne magnetic tape would be made in the Data Link Image 
Converter and used in place of the actual airborne tape. A separate plotting 
board could be used especially for the real time display, as indicated in the 
upper right-hand corner of Fig. 6-3 near the PRIORITY ANALYST, but this has not 
been done in existing Systems. It may be noted in Fig. 6-3 that the duplicate 
tape produced by the data link System must be processed by the ELINT REDUCTION 
and COMPUTER equipment before its outputs can be displayed or plotted. 
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